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1  V  Biological  studies  with  purified  adrenocorticotropic  hormone 
\  have  revealed  that  the  chronic  administration  of  this  anterior  pitui- 

i  tary  principle  causes  the  following  effect  in  immature  male  rats;  a) 

;  hypertrophy  of  the  adrenal  cortex,  h)  atrophy  of  the  thymus  and 

lymph  nodes  (Simpson,  Li,  Reinhardt  and  Evans,  1943),  c)  the  re¬ 
tardation  of  body  growth  (Evans,  Simpson  and  Li,  1943),  d)  retarded 
development  of  testes  and  male  accessory  organs  (unpublished)  and 
e)  decrease  of  thyroid  weight  and  some  hypoplasia  (unpublished 
I  data).  Such  a  widespread  effect  on  the  endocrine  system  warranted 

f  histological  and  cytological  investigation  of  the  pituitary  of  these 

animals.* 

j  MATERIAL  AND  METHODS  - 

The  male  rat  was  chosen  for  this  investigation  in  order  to  avoid  the 
complications  usually  brought  about  by  the  well-known  phenomenon  of 
cyclic  changes  in  the  pituitary  of  a  female.  Both  sexually  immature  (at  the 
begnning  of  the  experiments)  and  mature  males  were  studied. 

Group  1  consisted  of  12  rats  which  were  injected  with  1  mg.  daily  (di¬ 
vided  in  3  injections)  of  pure  adrenocortotropic  hormone*  for  30  days, 
beginning  at  the  26th  day  of  life.  They  were  56  days  old  at  autopsy.  Group  2 
was  a  control  group  consisting  of  10  normal  animals,  killed  on  the  56th  day 
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Tiselius  apparatus  and  solubility  studies,  (Li,  Evans  and  Simpson,  1943). 

77  , 

Copyright,  1044,  by  the  Aaeociation  for  the  Study  of  Internal  Secretions 


78  KONEFF  Volume  34 

of  life.  Group  3  consisted  of  6  male  rats  sexually  mature  at  the  beginning  of 
the  injections  of  adrenocorticotropic  hormone  (1  mg.  divided  in  3  doses  for 
15  days).  They  were  104  days  old  at  autopsy.  Group  4  consisted  of  6  mature 
male  rats  104  days  of  age,  which  were  used  as  controls  for  the  animals  in 
group  3. 

For  general  histological  study,  the  pituitaries  were  fixed  in  zenker- 
formol  solution,  embedded  in  celloidin  and  cut  at  4/i.  Sections  were  stained 
with  modified  Mallory-Azan  technique  (Koneff  1938).  In  groups  1  and  2 
the  pituitaries  from  4  rats  per  group  were  subjected  to  special  cytological 
analysis.  The  Nassonov-Kolatschev  technique  was  used  for  demonstration 
of  the  Golgi  apparatus  and  Altmann-Masson  method  for  mitochondria,  as 
adapted  by  Severinghaus  (1932).  Some  of  the  sections  intended  for  study  of 
the  Golgi  apparatus  were  counter-stained  with  Mallory-Azan.  Planimetric 
measurements  of  cell  size  were  made  on  the  Mallory-Azan  stained  sections. 

RESULTS 

Table  1  summarizes  the  changes  observed  in  the  pituitaries  of  rats 
treated  with  adrenocorticotropic  hormone.  The  weights  of  the  pitui¬ 
taries  and  the  cell  size,  in  planimeter  units,  of  both  types  of  chromo- 
phil  cells  are  recorded. 


Table  1.  Effect  of  adrenocorticotropic  hormone  on  the  pituitary  glands  of 

YOUNG  NORMAL  MALE  RATS 


Group 

Type  of 
Animal 

Acidophils 

Cell  Size' 

Basophils 

Cell  Size' 

Pituitary 

No. 

Mean 

±S.E. 

SR* 

Mean 

±S.E. 

SR* 

Weight 

Range 

1 

Normal,  injected 
with  ACTH  be¬ 

ginning  26th  day 
of  life,  age  56 

193  ±4 

296  ±7 

mg. 

4.9 

2 

Normal,  age  56 
days 

195  ±5 

Ml  vsMj 
=0.33 

Ml  vs  M« 
=  6.4 

6.3 

(5. 3-7. 9) 

3 

Normal,  injected 
with  ACTH  be¬ 
ginning  89th  day 
of  life,  age  104 

199  ±6 

335  ±6 

■ 

(5. 9-9.1) 

4 

Normal,  age  104 
days 

201  ±6 

Ml  vs  Ml 
=  0.25 

350  ±9 

Mt  vs  Mg 
=  1.36 

7.1 

(6. 9-7. 3) 

‘  Size,  area  occupied  by  camera  lucida  tracings  of  100  cells,  measured  with  the 
planimeter  and  expressed  in  units. 

*  SR,  significance  ratio.  The  difference  of  the  mean  was*  considered  statistically 
significant  when  the  ratio  was  greater  than  3.0. 

Anterior  pituitaries  of  rats  treated  from  the  26th  day  of  life  for  30 
days  with  adrenocorticotropic  hormone  {groups  1  and  2).  The  pituitaries 
of  the  injected  rats  were  lighter  in  weight  than  those  in  the  control 
group.JThis  reduction  in  weight  appears  to  be  significant  as  only  two 
pituitaries  of  the  experimental  group  (8  rats)  were  equal  in  weight  to 
the  two  lightest  glands  in  the  normal  group  (6  rats). 
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Histological  investigation  of  the  anterior  pituitaries  revealed  no 
appreciable  changes  in  the  morphology  of  the  acidophils  in  the  two 
sets  of  experimental  glands  when  they  were  compared  with  those  of 
the  controls.  Although  no  cell  counts  were  made,  the  total  number  of 
acidophils  appears  to  be  the  same.  The  general  distribution  also  w  as 
not  altered  and  there  was  no  significant  change  in  the  degree  of  granu¬ 
lation  or  in  the  size  of  these  cells.  The  impression  gained  through 
study  of  the  sections  stained  with  the  Mallory-Azan  method  was  con¬ 
firmed  by  recourse  to  the  material  specially  prepared  to  demonstrate 
mitochondria  or  Golgi  apparatus.  No  distinction  could  be  made  be¬ 
tween  the  cell  organelles  in  the  acidophils  of  the  treated  and  those  of 
the  untreated  animals. 

The  basophilic  cell,  in  marked  contrast  to  the  acidophil,  was  defi¬ 
nitely  affected  by  the  hormonal  injections.  The  impression  was  gained 
that  the  total  number  of  basophils  was  reduced  in  the  majority  of 
the  experimental  glands  (no  cell  counts  were  made).  The  measure¬ 
ments  of  camera  lucida  outlines  of  the  basophils  made  with  the 
planimeter  show'ed  they  were  considerably  smaller  than  in  normal 
animals.  This  diminution  in  size  was  constant  and  statistically  sig¬ 
nificant.  There  were  also  some  definite  morphological  alterations  in 
the  basophilic  cell  clearly  discerned  by  analysis  of  the  Mallory-Azan 
preparations.  The  cytoplasm  of  a  great  number  of  the  smaller  baso¬ 
phils  was  stained  a  pale,  grayish-blue,  apparently  due  to  the  small 
amount  of  the  granular  material.  The  nuclei  of  these  cells  were  usually 
quite  compact,  often  elongated,  and  some  showed  folding  of  the 
nuclear  membrane  or  distortions  in  shape.  Polychromasia  was  a  com¬ 
mon  finding.  The  negative  image  of  the  Golgi  apparatus  was  often 
seen  as  a  clear  colorless  ring  the  size  of  which,  as  a  rule,  was  consider¬ 
ably  smaller  than  that  of  the  nucleus.  In  rare  cases,  a  clear  space 
appeared  separating  the  nucleus  from  the  cytoplasm.  The  majority 
of  basophils  seemed  to  be  in  different  stages  of  granular  depletion.  No 
signs  of  new  formation  of  any  granular  material  in  such  cells  were 
noted. 

More  than  50  per  cent  of  all  basophils  in  the  pituitaries  of  the 
younger  injected  males  were  of  the  small,  granule  depleted  type  just 
described.  In  some  glands  the  percentage  was  as  high  as  67.  Such  a 
large  proportion  of  basophils  of  this  variety  w^as  never  observed  in 
the  normal  controls  of  this  series;  the  highest  figure  was  19  per  cent. 

The  small  size  of  the  cell  body,  the  marked  diminution  in  granular 
content,  the  inactive  appearance  of  ;  the  nucleus  and  the  smaller  nega¬ 
tive  image  of  the  Golgi  apparatus  w'ould  lead  one  to  suspect  a  dimin¬ 
ished  functional  state  of  the  cell  in  question.  The  correctness  of  this 
supposition  of  the  nature  of  the  changes  in  the  basophils  was  cor¬ 
roborated  by  study  of  the  material  specifically  prepared  to  demon¬ 
strate  mitochondria  and  Golgi  apparatus.  Examination  of  this  ma¬ 
terial  showed  that  both  organelles  were  in  the  state  characteristic  of 
cessation  of  functional  activity.  The  mitochondria  were  not  numerous 
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and  were  granular  in  form  and  not  prominent;  no  filamentous  mito¬ 
chondria  were  present.  The  Golgi  apparatus  was  considerably  reduced 
in  size,  although  still  typically  oval  or  spherical  in  shape,  and  showed 
but  few  ramifications.  In  a  large  number  of  basophils,  the  degree  of 
contraction  of  the  Golgi  apparatus  was  pronounced  enough  to  give 
the  apparatus  the  appearance  of  a  densely  impregnated  solid  body. 
The  remainder  of  the  basophils  in  the  anterior  pituitary  glands  of  the 
experimental  animals  did  not  manifest  any  deviation  from  the  normal, 
nor  was  there  any  evidence  for  abnormally  increased  activity  in  any 
basophils,  such  as  an  unusually  large  cell  size,  or  a  greatly  enlarged 
and  complex  Golgi  apparatus. 

Nassonov-Kolatschev  preparations  were  helpful  in  distinguishing 
the  depleted  basophils  from  the  chromophobes.  Examination  of  the 
pituitaries  impregnated  with  osmic  acid  and  counter-stained  with 
Mallory-Azan  revealed  the  presence  of  a  somewhat  increased  number 
of  cells  larger  than  the  common  chromophobe,  but  containing  no 
detectable  specifically  stained  granular  material.  These  cells  had  the 
Golgi  apparatus  typical  for  basophils.  No  changes  were  observed  in 
the  proportion  of  chromophobes  containing  the  acidophilic  type  of 
Golgi  apparatus. 

Anterior  pituitaries  of  rats  treated  from  the  89th  day  of  life  for  16 
days  with  adrenocorticotropic  hormone  {groups  3  and  4).  The  histological 
and  cytological  findings  in  the  anterior  pituitary  of  young,  but  ma¬ 
ture,  rats  treated  with  adrenocorticotropic  hormone  were  the  same 
qualitatively  as  those  in  the  younger  animals.  Again  changes  were  ob¬ 
served  only  in  basophil  cells.  The  alterations  were,  however,  much  less 
conspicuous  than  in  immature  animals.  The  analysis  of  figures  ob¬ 
tained  by  planimetric  measurements  indicated  that  the  decrease  in 
size  was  neither  so  great  nor  so  constant  as  in  the  younger  injected 
group,  and  the  changes  were  not  statistically  significant. 


DISCUSSION 


Analysis  of  the  data  presented  seems  to  indicate  clearly  that  the 
basophilic  cells  are  the  only  chromophil  cells  of  the  anterior  pituitary 
altered  by  the  administration  of  adrenocorticotropic  hormone.  There 
is  no  evidence  indicating  any  increase  in  their  functional  activity. 
The  nature  of  the  changes  in  the  basophils  would  lead  one  to  suspect 
that  the  cells  had  been  gradually  depleted  of  their  granular  content 
and  had  passed  into  a  chromophobe  state.  Furthermore,  contrary  to 
the  condition  in  the  normal  gland,  none  of  the  phenomena  of  re¬ 


granulation  was  observed  and  the  Golgi  apparatus  was  small  in  these 


altered  cells.  This  progressive  loss  of  granular  material  would  explain 
the  definite  decrease  in  average  cell  size.  Reduction  in  size,  and  re¬ 
gressive  changes  in  the  cytoplasm,  nucleus  and  cell  organelles,  all 
constitute  evidence  that  the  normal  functional  state  of  a  great  number 
of  the  basophilic  cells  had  been  depressed. 
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The  next  question  to  be  considered  is  whether  the  changes  in 
basophils  are  caused  by  the  direct  effect  of  the  adrenocorticotropic 
hormone  on  the  hypophysis  or  whether  it  is  mediated  through  some 
other  endocrine  organ.  It  is  also  possible  that  in  such  experimental 
animals,  the  changes  in  the  pituitary  might  be  secondary  to  metabolic 
disturbances.'  The  rats  treated  with  adrenocorticotropic  hormone  were 
stunted  in  growth  much  as  if  they  were  starved,  in  spite  of  the  fact 
that  the  food  intake  was  normal.  In  order  to  see  whether  food  restric¬ 
tion  might  cause  changes  in  the  anterior  pituitary  similar  to  those 
observed  after  injections  of  adrenocorticotropic  hormone,  a  series  of 
pituitary  glands  was  examined  from  untreated,  young  rats,  killed  at 
the  56th  day  of  life,  which  had  been  kept  for  30  days  on  a  restricted 
diet  calculated  to  keep  their  weight  at  the  level  of  a  group  of  animals 
of  the  same  age  treated  with  adrenocorticotropic  hormone  (unpub¬ 
lished  data).  No  changes  comparable  to  those  described  above  w'ere 
seen  in  the  glands  of  rats  kept  on  this  restricted  diet. 

It  has  been  noted  that  the  development  of  the  reproductive  sys¬ 
tem  was  also  retarded  in  animals  receiving  adrenocorticotropic  hor¬ 
mone.  Histologically,  the  testis  was  not  unlike  that  of  younger  rats 
and  there  was  no  sign  of  true  degenerative  change.  It  does  not  seem 
probable  that  the  effect  on  the  pituitary  is  secondary  to  the  testicular 
changes  as  one  can  reduce  experimentally  the  bulk  of  the  testicular 
tissue  in  the  body  by  unilateral  castration,  yet  the  pituitary  remains 
unaltered  (Severinghaus,  Smelser  and  Clark,  1934).  It  is  also  unlikely 
that  the  effect  on  the  pituitary  is  mediated  through  the  thyroid 
gland,  as  alterations  in  this  organ  were  not  especially  marked,  and 
can  be  described  only  as  indicating  a  somewhat  lowered  functional 
state.  Severinghaus  (1937)  in  his  comprehensive  review  of  the  litera¬ 
ture  indicated  that  decrease  in  acidophils  and  vacuolated  cells  in  the 
anterior  pituitary  have  been  reported  in  clinical  case's  of  hjrpothy- 
roidism.  No  comparable  changes  were  found  in  the  glands  of  treated 
animals  in  this  series.  The  possible  r61e  of  the  adrenal  gland  in  the 
mediation  of  the  effects  of  injections  of  adrenocorticotropic  hormone 
upon  the  hypophysis  is  not  eliminated  by  the  experiments  here  re¬ 
ported. 

Although  the  effect  of  injection  of  adrenocorticotropic  hormone  on 
the  pituitary  may  be  mediated  through  metabolic  changes,  or  through 
disturbed  secretion  of  other  endocrine  organs,  there  is  some  basis  for 
considering  the  effect  of  the  hormone  on  the  pituitary  to  be  a  direct 
one.  Other  endocrine  organs  have  been  reported  to  be  influenced  by 
an  excess  of  their  own  secretions.  Ingle  (1939)  noted  adrenal  cortical 
atrophy  in  female  and  male  rats  injected  with  cortical  extract. 
Changes  in  the  testes  due  to  injections  of  androgens  have  been  re¬ 
ported  by  numerous  investigators  (Moore  and  Price,  1938;  Koren- 
chevsky  and  Hall,  1939;  Selye  and  Friedman,  1941;  Wainman,  Reese 
and  Koneff,  1942,  and  others).  Changes  of  a  similar  nature  have  been 
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found  in  the  thyroid  gland  after  thyroid  feeding  (Cameron  and  Car¬ 
michael,  1920)  or  thyroid  extract  injection  (Watrin  and  Florentin, 
1929). 

CONCLUSIONS 

The  prolonged  administration  of  pure  adrenocorticotropic  hor¬ 
mone  caused,  a  characteristic  alteration  of  the  anterior  pituitary  of 
the  young  male  rat.  The  alteration  consisted  in  a)  a  decrease  in  the 
weight  of  the  gland,  h)  a  diminution  in  the  size  of  basophils  and  c) 
morphological  and  cytological  changes  which  can  be  characterized 
as  being  indicative  of  a  depressed  or  retarded  function.  These  out¬ 
spoken  changes  obvious  in  males  56  days  old,  were  also  detectable  in 
adults  treated  with  the  hormone  for  a  shorter  time,  but  the  changes 
were  less  constant  and  far  less  pronounced.  Acidophils  did  not  show 
any  appreciable  evidence  of  effects  from  the  hormone  injection,  y 
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ROLE  OF  THE  THYROID  IN  THE  CYTOLOGIC 
RESPONSE  OF  THE  PITUITARY  TO  LOW 
INTAKE  OF  IODINE^ 

ASHER  CHAPMAN  and  GEORGE  M.  HIGGINS 
From  the  Division  of  Experimental  Medicine,  Mayo  Foundation 

ROCHESTER,  MINNESOTA 

The  r61e  of  iodine  in  the  physiology  of  the  thyroid  gland  has  been 
studied  extensively,  but  the  pituitary  factor,  which  selectively  alters 
the  activity  of  the  thyroid,  presents  new  problems  in  the  interpreta¬ 
tion  of  the  r61e  of  the  pituitary  as  well  as  of  the  thyroid  in  the  me¬ 
tabolism  of  iodine. 

The  effect  of  iodine  on  the  relation  of  the  thyroid  to  the  pituitary 
in  the  intact  animal  has  been  studied.  Kuschinsky  (1933)  found,  that 
iodine  administered  in  large  doses  apparently  increased  the  thyro¬ 
tropic  content  of  the  pituitary  glands  of  animals  as  indicated  by  the 
response  of  the  th3a'oid  that  the  pituitary  glands  evoked  when  im¬ 
planted  into  recipient  animals.  He  concluded  that  iodine  acts  directly 
on  the  pituitary  gland. 

Loeser  and  Thompson  (1935)  concluded  that  the  pituitary  is  in¬ 
volved  in  the  response  of  the  thyroid  to  iodine,  for  they  were  unable 
to  produce  a  cytologic  change  of  the  thyroid  glands  of  hjrpophysec- 
tomized  animals  by  the  injection  of  amounts  of  iodine  which  gave  a 
satisfactory  response  in  intact  animals. 

However,  one  of  us  (Chapman,  1941)  showed  that  the  thyroid 
gland  did  respond  to  the  stimulus  of  a  low  intake  of  iodine  in  animals 
from  which  the  pituitary  had  been  removed.  Furthermore,  Marine, 
Rosen  and  Spark  (1935)  reported  that  iodine  did  not  modify  the 
cytologic  changes  in  the  pituitary  gland  produced  by  thyroidectomy, 
although  the  normal  cytologic  structure  of  the  pituitary  gland  was 
restored  by  the  administration  of  thyroxine.  LeBlonde,  Siie  and  Cha¬ 
morro  (1940)  have  shown  that  after  hypophysectomy  the  thyroid 
gland  continues  to  pick  up  radioactive  iodine,  but  at  a  decreasing  rate. 
Using  tracer  amounts  of  radioactive  iodine,  Morton,  Perlman, 
Anderson  and  Chaikoff  (1942)  demonstrated  a  limited  but  distinct 
metabolism  of  iodine  by  the  thyroid  in  the  absence  of  the  pituitary. 

Received  for  publication,  October  29,  1943. 
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From  such  evidence  it  appears  that  the  metabolism  of  iodine  by  the 
thyroid  gland,  although  altered,  may  proceed  independently  of  the 
pituitary  gland. 

In  a  study  of  reactions  of  normal  and  thyroidectomized  animals 
to  a  high  and  low  daily  intake  of  iodine  it  was  noted  that  thyroidec¬ 
tomized  animals  which  were  provided  with  a  low  intake  of  iodine  had 
a  lower  basal  metabolic  rate — together  with  other  physiologic  altera¬ 
tions — than  had  thyroidectomized  animals  which  were  given  generous 
supplies  of  iodine  (Chapman,  1941).  Thus,  in  the  absence  of  the 
thyroid,  iodine  increased  the  basal  metabolic  rate. 

This  report  is  a  study  of  a  cellular  pattern  of  the  pituitary  glands 
of  normal  and  thyroidectomized  animals  which  were  given  high  and 
low  levels  of  iodine  daily. 

METHODS  OF  STUDY  ^ 

Twenty-four  normal  and  18  thyroidectomized  male  white  rats  at  the  age 
of  7  weeks  were  placed  on  a  dietary  regimen  (Remington,  1937)  low  in  iodine 
and  maintained  thereon  for  65  days.  To  serve  as  control  animals  12  normal 
and  9  thyroidectomized  animals  were  given  iodine,  as  potassium  iodide,  in 
the  drinking  water.  The  average  daily  intake  of  iodine  by  these  control 
animals  was  27  to  34  micrograms  i>er  rat  per  day.  Calculated  on  the  basis  of 
their  body  weights  there  was  a  difference  of  less  than  5  per  cent  in  the 
average  daily  intake  of  iodine  between  the  normal  and  the  thyroidectomized 
animals. 

After  65  days  the  animals  were  killed  by  the  inhalation  of  ether.  The 
pituitary  glands  were  removed  at  once  and  placed  in  a  10  per  cent  solution  of 
formalin.  The  tissues  were  mordanted  in  Zenker’s  fixative  and  embedded  in 
paraffin ;  sections  were  cut  3m  in  thickness  and  stained  by  Koneff’s  adaptation 
of  the  Mallory-Azan  method  (1938). 

RESULTS 

Nonthyroideciomized  animals  maintained  on  high  levels  of  iodine 
(normal  group).  The  chromophobe  cells  in  the  pituitary  glands  of  this 
group  constituted  about  50  to  60  per  cent  of  the  total  number  of 
cells  in  any  given  high-power  field.  Some  cells  were  large,  measuring 
25  to  30  m;  others  were  smaller,  with  a  diameter  of  10  to  15  m*  The 
cytoplasm  of  these  cells  stained  gray  in  a  meshlike  pattern  but  often 
failed  to  react  to  the  stain.  The  nuclei  were  small  (average  5  m)  and 
stained  either  slightly  pink  or  blue.  These  chromophobe  cells  were 
not  closely  associated  w  ith  the  blood  vessels.  The  acidophilic  cells  in 
the  pituitaries  of  this  normal  group  constituted  about  35  to  40  per 
cent  of  the  total  number  of  cells.  They  ranged  in  diameter  from  12  to 
20  M-  The  cytoplasm  was  finely  granular.  The  nuclei,  usually  centrally 
placed  in  the  cell,  stained  a  deep  red  and  sometimes  contained  orange 
colored  nucleoli.  The  Golgi  apparatus  appeared  as  a  deeply  stained 
cap  eccentrically  placed  adjacent  to  the  nuclei.  The  basophilic  cells 
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of  these  normal  glands  were  arranged  singly  or  in  groups  of  3  to  10 
cells  and  were  characteristically  associated  with  the  blood  capillaries. 
The  average  size  was  12  to  15  n  although  many  were  smaller;  the  cy¬ 
toplasm  contained  rather  fine,  basophilic  granules.  The  nuclei,  3  to 
4  n  in  diameter,  contained  deeply  stained  chromatin  granules  and 
were  invariably  eccentrically  located  near  a  centrally  placed  negative 
image  of  the  Golgi  structure.  The  Golgi  apparatus  usually,  although 
not  always,  occupied  the  space  between  the  nucleus  of  the  cell  and 
the  cellular  margin  applied  to  the  blood  vessel  (fig.  1).  Masses  or  buds 
of  colloid  material  were  seen  occasionally  within  these  basophilic 
cells  and  at  several  points  (fig.  2)  such  masses  of  colloid  appeared  to 
extrude  from  the  ruptured  membrane  of  a  negative  image  of  the  Golgi 
apparatus. 

N onthyroidectomized  animals  maintained  on  low  levels  of  iodine 
{goitrous  group).  We  could  not  detect  significant  differences  between 
the  numbers,  size  or  staining  characteristics  of  the  chromophobe  or 
eosinophilic  cells  of  this  series  and  those  of  the  normal  group  of  ani¬ 
mals  given  large  daily  amounts  of  iodine.  The  basophilic  cells  of  the 
pituitaries  of  these  goitrous  animals,  however,  were  more  numerous 
than  those  of  the  normal  group;  they  were  definitely  larger  and  the 
cytoplasm  was  more  granular  and  more  deeply  stained.  Likewise  the 
nuclei  and  the  Golgi  apparatus  of  these  basophilic  cells  were  larger 
than  in  the  glands  of  animals  given  adequate  amounts  of  iodine.  The 
relation  of  the  Golgi  apparatus  and  the  nuclei  in  these  cells  to  the 
blood  vessels  remained  as  described  for  the  basophilic  cells  in  the 
normal  group.  It  appeared  to  us  that  more  colloid  had  formed  within 
these  cells  of  this  group  of  animals  than  in  those  of  animals  constitut¬ 
ing  the  normal  group  (fig.  3). 

Thyroidectomized  animals  maintained  on  high  levels  of  iodine.  Sec¬ 
tions  of  the  pituitaries  of  these  animals  were  distinctly  different  from 
those  of  animals  of  either  of  the  two  preceding  groups.  There  were 
definite  decreases  of  the  numbers  of  the  small  and  large  eosinophilic 
cells  and  there  was  a  tendency  toward  degranulation.  Basophilic  cells 
were  not  numerous.  In  striking  contrast  to  the  other  glands  were 
the  numerous  large  (15  to  30  )u),  ovoid  or  circular,  buff-staining  masses 
of  colloid  which  were  distributed  throughout  all  histologic  fields. 
Sometimes  these  masses  of  colloid  appeared  to  be  free,  unassociated 
with  any  cell  structure.  But  in  many  instances  these  buff-stained 
masses  of  colloid  were  confluent  with  the  cytoplasm  of  eosinophilic 
cells  and  they  contained  granules  identical  in  appearance  with  those 
of  the  eosinophilic  cellular  cytoplasm.  Some  masses  of  colloid  were 
surrounded  by  a  thin  ring  of  granular  eosinophilic  material  and  nuclei 
typical  of  the  eosinophilic  cells  were  observed  at  one  side  (fig.  4), 
giving  an  appearance  to  eosinophilic  cells  similar  to  that  of  the  so- 
called  signet  ring  cells  of  the  basophiles. 
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Thyroideclomized  animals  maintained  on  low  levels  of  iodine.  These 
pituitary  glands  likewise  presented  a  strikingly  different  cytologic 
arrangement  when  compared  with  the  cell  patterns  seen  in  the  fore¬ 
going  groups.  There  were  large  numbers  of  small  (5  n),  ovoid  nuclei 
uniform  in  size  that  had  neutral-staining  characteristics.  These  nuclei, 
surrounded  by  a  gray  or  light  blue-staining,  granular  or  meshlike 
cytoplasm,  resembled  the  nuclei  of  the  chromophobe  cells  of  the 
normal  group.  There  was  likewise  a  conspicuous  decrease  from  normal 
of  the  relative  number  of  cells  containing  acidophilic  and  basophilic 
granules  in  these  sections.  There  were  large  numbers  of  pale,  neutral- 
staining  masses  of  colloid  (15  to  30  n  in  diameter),  usually  enclosed  by 
a  membranous  sheath  which  often  contained  nuclei  with  their  included 
nucleoli  (fig.  5). 

COMMENT  • 

The  cytologic  patterns  of  the  pituitary  glands  of  the  animals 
which  constituted  our  normal  series  agreed  with  the  published  de¬ 
scriptions  of  the  pituitary  of  the  normat  rat  (Severinghaus,  1933). 
The  buds  of  colloid  attached  to  the  basophilic  cells,  however,  have 
not  been  reported,  so  far  as  we  know. 

There  was  increased  deposition  of  colloid  associated  with  the 
basophilic  cells  in  the  intact  animals  given  low  levels  of  iodine  in 
which  a  well-developed  parenchymatous  goiter  had  appeared,  as 
described  by  Warkany  and  Nelson  (1939)  and  by  others. 

In  the  thyroidectomized  animals  given  adequate  amounts  of 
iodine  the  deposits  of  colloid  were  associated  with  the  eosinophilic 
cells  and  increases  of  the  number  of  nongranular  cells  had  occurred. 
The  production  of  colloid  material  by  the  eosinophilic  cells  (confirm¬ 
ing  the  inference  of  Zeckwer  and  his  associates,  1935)  occurred  in  the 
athyroid  animal,  whereas  in  the  intact  animal  the  stress  on  the  thy¬ 
roid  produced  by  low  levels  of  daily  intake  of  iodine  was  reflected 
by  an  increase  of  the  basophilic  cells  associated  with  production  of 
colloid. 

Degranulation  of  both  groups  of  the  chromophilic  cells  was  ex- 


Fig.  1.  Normal  cytologic  structure  of  rat  pituitary.  Normal  basophilic  cell  contain¬ 
ing  negative  image  of  the  Golgi  apparatus  and  its  orientation  to  blood  vessel  are  shown 
at  arrow.  Koneff  modification  of  Mallory-Azan  technic.  X  1,000. 

Fig.  2.  Mass  of  colloid  associated  with  negative  Golgi  apparatus  of  a  basophilic 
cell;  from  a  normal  animal.  Koneff  modification  of  Mallory-Azan  technic.  X  1,120. 

Fig.  3.  Section  of  pituitary  from  goitrous  animal  showing  increased  number  of 
basophilic  cells.  Koneff  modification  of  Mallory-Azan  technic.  X  1,000. 

Fig.  4.  Section  of  pituitary  from  thyroidectomized  animal  with  a  high  intake  of 
iodine.  Deposits  of  colloid  associated  with  eosinophilic  cells  are  evident ;  also  degranula¬ 
tion  of  eosinophilic  cytoplasm.  Koneff  modification  of  Mallory-Azan  technic.  X  1,000. 

Fig.  5.  Section  of  pituitary  from  thyroidectomized  animal  with  a  low  intake  of 
iodine.  The  extensive  deposits  of  acidophilic  colloid  are  notable;  also  the  cytoplasm  of 
all  cells  is  degranulated.  Koneff  modification  of  Mallory-Azan  technic.  X  1,000. 
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tensive  in  thyroidectomized  animals  on  the  restricted  iodine  intake. 
Production  of  the  colloid  material  was  much  more  pronounced  than 
in  the  thyroidectomized  animals  given  adequate  amounts  of  iodine 
and  was  associated  in  most  instances  with  the  more  abundant  non- 
granular  or  chromophobe  cells. 

The  transformation  of  the  chromophilic  cells  to  a  nongranular 
state  suggests  a  widespread  transition  to  the  chromophobe  stage  which 
Severinghaus  (1933)  has  described  for  both  series  of  chromophilic 
cells.  The  influence  acting  on  the  pituitary  which  brought  about  these 
changes  apparently  affected  both  eosinophilic  and  basophilic  ele¬ 
ments. 

The  changes  of  the  cytologic  pattern  of  the  pituitary  glands  of 
thyroidectomized  animals  restricted  to  small  amounts  of  iodine  seem 
to  indicate  that  the  low  intake  of  iodine  merely  intensified  the  reaction 
observed  in  thyroidectomized  animals  which  received  an  abundance  of 
iodine.  In  view  of  the  evidence  indicating  that  high  levels  of  iodine  in 
thyroidectomized  animals  may  contribute  to  the  production  of  a 
thyroxine-like  substance  in  the  organism  (Chapman,  1941),  the  pro¬ 
gressive  changes  of  the  pituitary  glands  of  thyroidectomized  animals 
maintained  on  a  low  level  of  iodine  may  be  secondary  to  an  intensified 
deficiency  of  a  thyroxine-like  substance  in  the  organism  rather  than 
to  any  direct  effect  of  low  levels  of  iodine  on  the  pituitary  gland 
itself. 


SUMMARY 

The  cytologic  changes  in  the  pituitary  gland  have  been  described 
in  intact  and  in  thyroidectomized  rats  maintained  on  diets  containing 
high  and  low  levels  of  iodine.  The  characteristic  cellular  patterns  in 
the  pituitaries  of  these  4  groups  were  compared. 

Among  nonthyroidectomized  animals  maintained  on  a  low  intake 
of  iodine  there  were  a)  an  increase  of  the  number  and  size  of  the  baso¬ 
philic  cells  in  the  pituitary  glands,  h)  an  increase  of  the  size  of  their 
nuclei  and  the  Golgi  apparatus,  and  c)  an  increased  deposition  of  col¬ 
loid  by  the  basophilic  cells  when  contrasted  with  the  pituitaries  of 
animals  receiving  adequate  amounts  of  iodine. 

Among  thyroidectomized  animals  maintained  on  a  high  intake  of 
iodine  there  were  a)  a  decrease  of  the  number  of  eosinophilic  cells,  and 
h)  a  degranulation  of  the  cytoplasm  of  the  chromophilic  cells  of  the 
pituitary.  There  were  large  deposits  of  colloid  associated  with  eosino¬ 
philic  cells. 

Among  thyroidectomized  animals  maintained  on  a  low  intake  of 
iodine  there  was  a  generalized  cytoplasmic  degranulation  of  both 
series  of  chromophilic  cells;  large  deposits  of  colloid  w^ere  associated 
with  these  degranulated  cells. 
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INFLUENCE  OF  THE  THYROID  GLAND  ON 
PITUITARY  GONADOTROPHIC  ACTIVITY 
IN  THE  RABBITi-2 

J.  P.  CHU* 

From  the  Physiological  Laboratory,  University  of  Nanking  College  of  Agriculture 
and  the  Department  of  Physiology,  College  of  Medicine, 

National  Central  University 
CHENGTU,  CHINA 

A  BRIEF  review  of  the  literature  reveals  that  the  results  of  previous 
studies  on  the  relationship  between  the  thyroid  and  pituitary  glands 
are  controversial  and  confusing.  Evans  and  Simpson  (1930)  reported 
that  pituitary  glands  of  thyroidectomized  young  female  rats  5  weeks 
after  the  operation  were  less  effective  than  those  of  normal  controls 
in  causing  sexual  maturity  in  immature  rats.  Hohlweg  and  Junkmann 
(1933)  found  that  the  implantation  of  hypophyses  from  thyroidec¬ 
tomized  female  rats  into  immature  female  rats  did  not  cause  estrus. 
Van  Dyke  and  Chen  (1935)  reported  that  the  concentration  of  the 
hormone  causing  ovulation  was  reduced  in  thyroidectomized  rabbits. 
The  saline  suspension  of  the  anterior  hypophysis  from  a  normal  ani¬ 
mal  always  caused  ovulation,  but  not  so  when  a  similar  suspension 
from  a  thyroidectomized  animal  was  used.  P’an  (1940)  reported  that 
the  gonadotrophic  potency  of  the  anterior  pituitary  gland  was  de¬ 
creased  following  thyroidectomy  in  both  rat  and  rabbit.  In  the 
completely  thyroidectomized  guinea  pig,  the  animals  showed  a  tem¬ 
porary  or  prolonged  failure  of  corpus  luteum  formation,  but  no  obvi¬ 
ous  abnormalities  of  the  follicles  were  noted  (Williams,  Phelps  and 
Burch,  1941).  Reineke,  Bergman  and  Turner  (1941)  found  in  male 
goats  thyroidectomized  at  the  ages  of  5  and  24  days  that  the  gonado¬ 
trophic  hormone  was  present  in  low  concentration  and  that  the  testes 
were  not  stimulated.  These  results  indicate  that  the  gonadotrophic 
activity  of  the  pituitary  gland  is  greatly  decreased  by  the  extirpation 
of  the  thyroid  gland. 

On  the  other  hand,  Hammett  (1926)  claimed  that  the  ovaries  of 
rats  thyroidectomized  at  ages  of  23  to  100  days  werd  approximately  of 
the  same  size  by  150  days,  but  considerably  smaller  than  those  of  the 
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controls.  Smith  and  Engle  (1930)  observed  that  the  pituitary  glands 
of  long-term  thyroidectomized  female  rats  (200  days)  did  not  show 
any  difference  in  gonadotrophic  activity  from  the  normal  as  shown 
by  implantation  into  immature  mice.  Van  Horn  (1933)  repeated  the 
experiments  and  corroborated  the  results.  Leonard  and  Leonard 
(1937)  found  that  immature  female  rats  deprived  of  their  thyroid 
glands  for  6  to  8  days  showed  no  significant  change  in  the  total  number 
of  ovarian  follicles  as  compared  with  the  controls.  Smelser  (1939)  re¬ 
ported  that  thyroidectomy  in  rats  caused  a  reduction  in  weight  of  the 
accessory  reproductive  organs  of  the  adult  male  and  a  decrease  in 
sperm  production;  but  there  was  no  decrease  in  gonadotrophic  po¬ 
tency  of  the  hypophysis. 

In  regard  to  the  cellular  changes  of  the  anterior  pituitary  gland  in 
thyroidectomized  rats,  many  authors  (Severinghaus,  Smelser  and 
Clarke,  1934;  Zeckwer,  Davison,  Keller  and  Livingood,  1935;  Nelson 
and  Hickman,  1937)  have  come  to  the  conclusion  that  the  basophiles 
appear  to  increase  in  number  and  in  size,  a  condition  similar  to  that 
following  castration.  However,  the  enlarged  pituitary  body  in  the 
thyroidectomized  rabbit  is  said  to  be  the  result  of  the  hypertrophy  of 
the  chromophobe  cells,  while  the  eosinophiles  may  be  reduced  in 
number  (Bryant,  1930).  From  the  fact  that  the  gonad  normally  re¬ 
ceives  a  constant  supply  of  the  gonad-stimulating  hormone  from  the 
pituitary  gland,  any  structural  changes  of  the  latter  might  conceiv¬ 
ably  alter  the  functional  state  of  the  former.  Assuming  that  the 
gonadotrophic  hormone  is  a  complex  of  active  substances,  namely, 
luteinizing  hormone  and  follicle-stimulating  hormone,  then  the  shift¬ 
ing  of  a  proper  balance  of  these  two  hormones  would  result  in  varying 
degrees  of  sexual  abnormality.  Greenwood  and  Chu  (1939)  reported 
that  the  removal  of  thyroid  glands  in  immature  Brown  Leghorn 
pullets  did  not  interfere  with  the  maturation  of  the  sex  gland,  i.e., 
the  time  of  laying  of  the  first  egg,  but  the  growth  of  the  comb  and 
head  furnishings  which  usually  accompanies  the  onset  of  sexual  ma¬ 
turity  was  inhibited.  It  is  suggested  that  the  inhibition  of  the  comb 
growth  in  the  thyroidectomized  pullets  may  be  due  to  the  partial 
impairment  of  the  pituitary  gland  or  the  inability  of  the  ovary  to 
produce  androgenic  substance.  The  purpose  of  this  study  is  to  deter¬ 
mine  the  possible  action  of  the  thyroid  on  the  pituitary-gonad  system. 

MATERIALS  AND  METHODS 

Female  rabbits -obtained  from  a  local  dealer  were  used  for  the  experi¬ 
ments.  They  were  kept  in  the  animal  house  for  a  few  days  before  being  oper¬ 
ated  upon.  The  ages  of  the  animals  were  not  known;  however,  they  were 
mature  and  sexually  active.  Thyroidectomy  was  performed  under  ether 
anesthesia.  Inasmuch  as  the  rabbit  is  not  very  susceptible  to  infections, 
aseptic  precautions  were  not  necessarily  strict.  The  animals  showed  no  ill 
effects  from  the  operation. 

During  the  years  of  1941  to  1943,  104  female  rabbits  were  completely 
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thyroidectomized.  They  were  kept  separately  in  wire  cages  after  the  opera¬ 
tion.  A  ration  consisting  of  pericarp  of  wheat  and  green  vegetables  was  given 
to  all  of  the  experimental  and  control  animals. 

The  experiments  were  made  in  several  groups.  The  nature  of  the  experi¬ 
ment  and  the  number  of  animals  used  in  each  group  will  be  described  in  the 
following  sections. 

RESULTS 

Ovarian  changes  follomng  thyroidectomy  in  the  rabbit.  About  one 
month  after  thyroidectomy,  21  animals  were  laparotomized  and  the 
ovaries  examined.  It  was  found  that  the  ovaries  of  these  animals  were 


Table  1.  Occurrence  of  ovulation  after  coitus  in  thyroidectomized  rabbits 


Animal 

No. 

Days  After 
Thyroidectomy 

Frequency 
of  Coitus 

Occurrence 
of  Ovulation 

Condition  of  Ovary 

R 

19 

30 

3 

_ 

Many  large  follicles 

R 

45 

84 

4 

— 

Many  large  follicles 

R 

48 

77 

3 

— 

Many  large  follicles 

R 

53 

83 

4 

— 

Many  large  follicles 

R 

10 

50 

3 

— 

Many  large  follicles 

R 

67 

34 

4 

— 

Many  large  follicles 

R 

66 

66 

5 

— 

Many  large  follicles 

R 

41‘ 

141 

3 

+ 

A  few  large  follicles 

R 

47 

155 

3 

— 

Numerous  large  follicles 

R 

2‘ 

100 

3 

+ 

Rather  few  large  follicles 

R 

45 

148 

3 

— 

Numerous  large  follicles 

R 

1 

135 

4 

— 

A  few  large  follicles 

R 

15 

25 

4 

— 

Numerous  large  follicles 

R 

118 

4 

4 

— 

R 

77 

53 

5 

— 

Numerous  large  follicles 

R 

173 

18 

— 

Numerous  large  follicles 

R 

77 

112 

3 

— 

Numerous  large  follicles 

R 

152 

53 

3 

— 

Numerous  large  follicles 

R 

196 

47 

2 

— 

Numerous  large  follicles 

R 

197 

47 

2 

— 

Numerous  large  follicles 

*  Thyroid  remnants  were  present. 


highly  vascular  and  through  their  surfaces  could  be  seen  many  follicles 
of  different  sizes.  Examination  of  the  ovaries  of  the  normal  controls 
revealed  that  large  follicles  were  usually  infrequent  and  the  ovarian 
tissues  formed  a  compact  mass.  It  is  evident,  therefore,  that  in  the 
absence  of  the  thyroid  gland,  the  growth  of  the  graafian  follicles  is 
much  enhanced. 

Ovulation  reaction  after  coitus.  It  is  well  known  that  the  rabbit 
ovulates  only  after  coitus.  Most  of  the  operated  animals  were  mated 
successfully  at  various  intervals  after  thyroidectomy.  In  every  case 
the  success  and  frequency  of  matings  were  noted.’The  animals  were 
then  subjected  to  laparotomy  48  hours  later  in  order  to  determine  the 
occurrence  of  ovulation.  In  this  series  of  experiments,  we  examined  20 
-  thyroidectomized  animals  which  had  mated  several  times  within  a 
brief  period.  At  laparotomy,  however,  none  had  ovulated  except  two 
animals  in  which  pieces  of  thyroid  remnants  were  discovered  at 
autopsy.  The  details  of  the  experiments  are  summarized  in  table  1. 
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We  have  observed  more  than  100  normal  rabbits  in  which  coitus 
has  been  followed  by  ovulation  with  but  few  exceptions.  It  is  thus 
clear  that  thyroidectomy  in  the  rabbit  prevented  the  rupture  of  folli¬ 
cles  after  mating. 

Ovarian  reaction  to  the  injection  of  human  pregnancy  urine  extract. 
It  is  possible  that  the  absence  of  ovulation  in  the  thyroidectomized 
rabbits  may  be  due  to  the  lowered  sensitivity  of  ovarian  response, 
while  the  amount  of  ovulating  hormone  circulated  in  the  blood  is 
normal.  If  this  is  true,  the  injection  of  an  effective  dose  of  pregnancy 
urine  extract  would  not  induce  ovulation.  Experiments  were  per¬ 
formed  on  5  thyroidectomized  rabbits  which  were  matched  by  the 
same  number  of  normal  animals.  The  body  weights  of  these  animals 
were  approximately  the  same.  Five  mg.  of  the  international  standard 
gonadotrophin  dissolved  in  1  cc.  of  physiological  saline  was  injected 
intravenously.  After  an  interval  of  48  hours  the  animals  were  laparot- 
omized  in  order  to  determine  if  ovulation  had  occurred.  The  results 
obtained  are  presented  in  table  2. 


Table  2.  Number  of  ruptured  follicles  induced  by  the  injection  of  chorionic 

GONADOTROPHIN  INTO  NORMAL  AND  THYROIDECTOMIZED  RABBITS 


Experimental 

Groups 

No.  of 
Animals 

Dosage 

Av.  No. 
Ruptured 
Follicles 

Range 

Remarks 

Normal 

5 

mg. 

5 

2 

1-4 

One  rabbit  had  not 

Thyroidectomized 

5 

5 

35 

18-63 

ovulated 

All  animals  had  ovu- 

lated 

It  was  found  that  with  the  given  dosage  of  urinary  gonadotrophin, 
all  of  the  thyroidectomized  animals  ovulated  readily,  but  one  of  the 
normal  animals  failed  to  show  any  response.  Not  only  was  the  per¬ 
centage  of  ovulation  higher  in  the  thyroidectomized  group,  but  also 
the  number  of  ruptured  follicles.  In  the  normal  animals  the  average 
number  of  ruptured  follicles  was  2,  while  that  of  thyroidectomized 
ones  was  35.  The  presence  of  an  overwhelmingly  large  number  of 
ruptured  follicles  in  the  thyroidectomized  rabbits  resulting  from  the 
injection  of  pregnancy  urine  extract  was  partly  due  to  the  preexist¬ 
ence  of  numerous  mature  follicles  and  partly  attributed  to  the  high 
sensitivity  of  the  ovaries.  Thus,  after  the  ablation  of  the  thyroid 
gland,  the  evidence  is  not  for  a  lowered  sensitivity  of  the  ovary  to 
gonadotrophin.  On  the  contrary,  the  results  obtained  suggest  an 
increased  sensitivity. 

The  formation  of  corpora  lutea  has  been  observed  by  subsequent 
laparotomies  on  these  animals.  In  every  respect,  the  appearance  of 
this  organ  was  normal,  as  also  was  its  secretory  function  as  judged 
from  the  progestational  changes  of  the  endometrium.  This  fact  is  par¬ 
ticularly  interesting  with  reference  to  the  question  if  the  ovulating 
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substance  of  human  pregnancy  urine  is  identical  with  the  luteinizing 
hormone  and  whether  the  latter  is  essential  for  the  formation  and 
functional  maintenance  of  the  corpus  luteum.  This  point  will  be  dis¬ 
cussed  in  some  detail.  The  functional  period  of  the  corpus  luteum  was 
found  to  be  consistently  longer  than  in  normal  pseudopregnancy. 

Ovarian  reaction  to  the  injection  of  copper  acetate.  That  ovulation  in 
the  rabbit  can  be  induced  by  the  injection  of  copper  acetate  has  been 
recently  discovered  by  Bischoff  (1938).  Emmens  (1940)  found  that  the 
ovulation  thus  produced  can  be  inhibited  by  simultaneous  injection 
of  an  anti-serum  against  the  ox  pituitary.  This  indicates  that  the 
copper  salt  itself  is  not  directly  concerned  in  this  reaction  but  in 
some  way  excites  the  hypophysis  to  liberate  the  ovulating  hormone. 


Table  3.  Ovulation  besponse  to  the  injection  of  copper  acetate  into  normal 

AND  THYROIDECTOHIZED  RABBITS 


Experimental 

Groups 

Date 

Exp. 

Performed 

No. 

of 

Animals 

Dosage 

No.  of 
Animals 
Ovulated 

Remarks 

Normal 

May  ’42 

5 

mg.fkg. 

15  (total) 

4 

One  died  within 

Jan.  ’43 

5 

10 

2 

24  hours 

Two  died  within 

Thyroidectomized 

May  ’42 
Jan. ’43 

5 

15  (total) 

0 

24  hours 

5 

10 

0 

Harris  (1941)  suggests  that  the  effect  of  copper  salts  on  ovulation  in 
the  estrous  rabbit  is  caused  by  stimulation  of  some  part  of  the 
nervous  pathways  to  the  hypophysis,  particularly  from  the  hypo¬ 
thalamic  region.  Although  the  failure  of  thyroidectomized  rabbits  to 
ovulate  is  undoubtedly  not  due  to  the  lowered  sensitivity  of  the  ovary, 
it  seems  possible  that  the  mating  reaction  was  not  sufficient  to  cause 
the  pituitary  gland  to  release  its  gonadotrophic  hormone.  Therefore, 
it  was  decided  to  treat  the  thyroidectomized  animals  with  copper 
acetate.  By  this  means  the  nervous  fibers  passing  into  the  pituitary 
might  be  directly  stimulated  by  the  copper  salt  and  ovulation  induced. 
Ten  thyroidectomized  rabbits  were  used  for  this  experiment.  Five  of 
these  were  tested  in  May,  1942,  and  the  remainder  in  January,  1943. 
On  each  occasion,  the  experiments  w^ere  matched  by  the  same  number 
of  normal  estrous  animals.  A  single  injection  of  15  mg.  of  copper  ace¬ 
tate  in  1  cc.  of  physiological  saline  was  given  intravenously  to  the 
first  set  of  animals;  the  dosage  was  then  changed  to  10  mg.  per  kilo¬ 
gram  of  body  w'eight  for  the  second  set.  Since  the  body  weight  of 
each  of  the  test  animals  was  about  1.6  kg.,  the  size  of  dosage  for  both 
groups  of  animals  was  approximately  the  same.  As  a  rule,  the  test 
animals  were  laparotomized  48  hours  after  the  injection  and  the 
ovaries  examined.  In  the  normal  group,  3  of  10  animals  died  within 


February,  1944  EFFECT  OF  THYROID  ON  PITUITARY 


95 


24  hours  after  the  injection.  Ovulation  occurred  in  6  of  the  7  surviving 
animals  (table  3).  Thus,  a  fairly  high  percentage  of  ovulation  was  in¬ 
duced  in  the  normal  rabbits  by  the  injection  of  copper  acetate. 

On  the  other  hand,  all  of  the  thyroidectomized  animals  survived 
the  injection  of  copper  acetate,  but  none  ovulated.  From  the  results 
of  these  experiments,  it  appears  to  be  certain  that  failure  of  the 
thyroidectomized  rabbit  to  ovulate  is  not  due  to  a  lack  of  excitation 
from  coitus. 

Biological  characterization  of  the  hypophyseal  ovulaiing  hormone  in 
normal  and  thyroidectomized  rabbits.  The  results  of  the  foregoing  ex¬ 
periments  do  not  reveal  whether  the  absence  of  ovulation  in  thyroidec¬ 
tomized  rabbits  is  due  to  a  quantitative  reduction  of  the  ovulating 
hormone  or  to  an  impairment  of  the  nervous  center  which  conveys 


Table  4.  Ovulation  reaction  of  normal  estrous  rabbits  to 

THE  INJECTION  OF  EXTRACT  OF  PITUITARY  GLANDS  FROM 
NORMAL  ESTROUS  DONOR  RABBITS 


Recipient 

Animals 

Occurrence  of 
Ovulation 

Ovarian  Conditions 
of  Recipients 

R  79 

+ 

Normal  appearance 

R  90 

— 

Normal  appearance 

R  91 

— 

Normal  appearance 

R  77 

— 

Normal  appearance 

R  97 

— 

Normal  appearance 

R  39 

+ 

Normal  appearance 

R  179 

— 

Normal  appearance 

R  161 

— 

Normal  appearance 

R  207 

— 

Normal  appearance 

R  164 

— 

Normal  appearance 

the  nervous  impulse  to  the  hypophysis.  The  sensitivity  of  the  ovary 
is  obviously  normal,  since  the  animals  responded  readily  with  ovula¬ 
tion  to  the  administration  of  pregnancy  urine  extract.  It  has  been 
reported  by  van  Dyke  and  Chen  (1935)  that  the  injection  of  suspen¬ 
sions  of  fresh  pituitary  into  estrous  rabbits  causes  a  high  percentage  of 
ovulation.  We  have  used  the  same  technique  to  determine  the  rela¬ 
tive  amounts  of  ovulating  hormone  in  the  normal  and  thyroidecto¬ 
mized  rabbits. 

The  method  of  preparation  of  the  extract  was  as  follows:  Fresh 
anterior  lobes  were  finely  macerated  in  a  test  tube  and  a.  definite 
amount  of  physiological  saline  was  added.  The  clear  solution  thus 
obtained  after  filtration  was  intravenously  injected.  The  final  con¬ 
centration  of  the  extracts  was  so  adjusted  that  1  cc.  of  the  saline 
preparation  was  equivalent  to  one  anterior  lobe  of  the  hypophysis. 
The  experiments  were  divided  into  four  groups  which  will  be  described 
in  the  following  sections. 

Percentage  of  ovulation  in  normal  estrous  rabbits  injected  vnth 
pituitary  gland  extract  from  normal  rabbits.  For  purposes  of  comparison 
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we  have  performed  10  assays  of  the  extract.  The  body  weights  of  the 
test  animals  were  about  1.5  kg.  Each  animal  received  intravenously 
1  cc.  of  the  saline  extract  of  hypophysis.  As  a  rule,  48  hours  after  the 
injection,  a  laparotomy  was  performed  and  both  ovaries  were  care¬ 
fully  examined.  Only  those  in  which  the  follicles  had  ruptured  were 
considered  as  positive.  The  results  of  the  tests  are  presented  in  table 
4. 

It  is  quite  clear  from  the  table  that  6  of  10  control  animals  ovu¬ 
lated  within  48  hours  after  the  injection.  The  ovaries  of  these  animals 
appeared  to  be  normal,  as  far  as  the  number  of  follicles  is  concerned. 


Table  5.  Ovulation  keaction  op  normal  esthous  rabbits  to  the  injection  of  a 

PITUITARY  QLAND  EXTRACT  FROM  THYROIDECTOMIZED  RABBITS 


Recipient 

Estrous 

Animals 

Pituitary 

Thyroidectomized 

Donors 

Time 

of 

Autopsy 

Occurrence 

of 

Ovulation 

Ovarian 
Condition  of 
Recipients 

R  2101 

R 

108 

days 

103 

Normal  appearance 

R  92 

R 

66 

69 

— 

Many  large  follicles 

R  74 

R 

43 

137 

— 

Many  large  follicles 

R  94 

R 

68 

77 

— 

Many  large  follicles 

R  87‘ 

R 

1  V 

137 

+ 

Normal  appearance 

R  105 

R 

5 

53 

— 

Many  large  follicles 

R  107 

R 

25 

67 

— 

Many  large  follicles 

R  117 

R 

16 

83 

— 

Many  large  follicles 

R  118 

R 

15 

83 

— 

Many  large  follicles 

R  104 

R 

68 

47 

— 

Many  large  follicles 

R  6 

R 

11 

38 

— 

Several  large  follicles 

R  7 

R 

5 

43 

— 

Many  large  follicles 

R  192 

R 

81 

113 

— 

Several  large  follicles 

R  193 

R 

77 

113 

— 

Many  large  follicles 

R  8 

R 

4 

56 

— 

Many  large  follicles 

*  Thyroid  tissue  identified  in  the  pituitary  donor. 

Thus,  the  administration  of  this  dose  of  pituitary  gland  extract  to  10 
estrous  animals  caused  ovulation  in  60  per  cent. 

Percentage  of  ovulation  in  estrous  rabbits  injected  with  an  extract 
prepared  from  pituitary  glands  of  thyroidectomized  female  rabbits. 
Should  the  pituitary  gland  of  thyroidectomized  rabbits  contain  an 
appreciable  amount  of  ovulating  hormone,  the  injection  of  an  extract 
prepared  from  them  into  estrous  rabbits  would  cause  ovulation.  Fif¬ 
teen  assays  of  this  kind  were  made.  All  of  the  test  animals  were 
healthy  estrous  females;  the  body  weights  ranged  from  1.3  to  1.5  kg. 
The  same  number  of  thyroidectomized  females  which  were  killed  at 
various  intervals  after  the  operation,  furnished  the  pituitary  gland 
material  for  the  assay.  The  results  are  summarized  in  table  5. 

It  was  found  that  among  the  15  animals  receiving  the  hypophyseal 
extract  from  thyroidectomized  rabbits,  only  one  showed  a  positive 
reaction.  However,  thyroid  remnants  were  found  in  the  donor  animal. 
If  this  case  is  not  taken  into  consideration,  100  per  cent  of  the  test 
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animals  did  not  ovulate.  However,  an  enormous  increase  in  the  num¬ 
ber  of  ovarian  follicles  in  the  recipient  animals  was  observed.  This  in¬ 
dicates  that  the  pituitary  gland  of  thyroidectomized  rabbits  contained 
a  follicle-stimulating  factor  which  could  not  be  demonstrated  in  the 
normal  pituitary  gland  by  the  same  method. 

Percentage  of  ovulation  in  thyroidectomized  animals  caused  by  the  in¬ 
jection  of  an  extract  of  hypophysis  from  normal  animals.  In  a  preceding 
section,  w'e  have  shown  that  the  ovaries  of  the  thyroidectomized  rab¬ 
bits  are  sensitive  to  the  injection  of  pregnancy  urine  extract.  Since 
the  biological  properties  of  the  urinary  gonadotrophin  are  in  some  re¬ 
spects  different  from  the  gonadotrophic  factor  of  the  hypophysis,  the 
reactivity  of  the  thyroidectomized  rabbit  to  the  injection  of  fresh  ex¬ 
tract  remained  to  be  determined.  Ten  thyroidectomized  females  were 
injected  with  saline  extract  of  the  normal  hypophysis.  As  determined 

Table  6.  Ovulation  reaction  of  thyroidectomized  rabbits  to  the  injection  of  a 

PITUITARY  EXTRACT  FROM  NORMAL  ESTROUS  DONORS 


Recipient  Occurrence 

Thyroidectomized  of  Ovarian  Conditions  of  Recipients 

Animals  Ovulation 


R 

48 

+ 

Many  ruptured  follicles 

R 

53 

+ 

Many  ruptured  follicles 

R 

67 

+ 

Many  ruptured  follicles 

R 

47 

+ 

Several  ruptured  and  hemorrhagic  follicles 

R 

15 

+ 

•  A  few  ruptured  and  many  hemorrhagic  follicles 

R 

36 

— 

Follicles  few  and  small 

R 

68 

+ 

Several  ruptured  and  hemorrhagic  follicles 

R 

71 

+ 

A  few  ruptured  and  many  hemorrhagic  follicles 

R 

105 

+ 

Many  ruptured  follicles 

R 

106 

+ 

A  few  ruptured  follicles 

by  laparotomy  48  hours  after  the  injection,  ovulation  occurred  in  all 
but  one  case  (table  6). 

The  percentage  of  positive  responses  is  thus  30  per  cent  higher 
than  in  the  normal  group  (60%).  The  results  of  these  experiments 
point  to  the  fact  that  the  ovary  of  the  thyroidectomized  rabbit  is 
obviously  very  sensitive  to  the  ovulating  hormone  of  the  pituitary. 

Percentage  of  ovulation  in  thyroidectomized  rabbits  injected  with  an 
extract  prepared  from  hypophyses  of  thyroidectomized  females.  It  has 
been  shown  that  none  of  the  estrous  rabbits  ovulated  after  the  injec¬ 
tion  of  an  extract  from  hypophyses  of  the  thyroidectomized  animals. 
This  may  indicate  that  the  ovulating  hormone  of  the  hypophysis  is 
considerably  reduced  under  hypothyroid  conditions,  but  no  evidence 
is  available  to  show  its  absence.  We  have  also  demonstrated  that  the 
ovary  of  the  thyroidectomized  rabbit  is  much  more  sensitive  than  that 
of  the  normal  to  the  injection  of  pregnancy  urine  and  fresh  hypo¬ 
physeal  extract.  The  use  of  thyroidectomized  animals  for  the  assay 
might  make  it  possible  to  detect  small  amounts  of  ovulating  hormone 
if  it  were  present  in  the  hypophyses  of  thyroidectomized  rabbits. 
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Table  7.  Ovulation  reaction  of  thtroidectouized  rabbits  to  the  injection 

OF  A  PITUITART  EXTRACT  FROM  THTROIDECTOMIZED  RABBITS 


Recipient  Pituitary  Time  Occurrence  Ovarian 

Thyroidectomized  Thyroidectomized  of  of  Condition  of 

Animals  Donors  Autopsy  Ovulation  Recipients 


R 

161 

R  97 

days 

103 

Numerous  large  follicles 

R 

174 

R  71 

130 

— 

Numerous  large  follicles 

R 

148 

R  105 

114 

— 

Numerous  large  follicles 

R 

149 

R  106 

114 

— 

Numerous  large  follicles 

R 

150 

R  148 

38 

— 

Numerous  large  follicles 

Five  tests  based  on  this  assumption  were  made.  The  results  obtained 
were  all  negative  (table  7).  For  this  and  other  reasons,  we  are  rather 
inclined  to  the  belief  that  the  hypophysis  of  the  thyroidectomized 
rabbit  does  not  contain  an  amount  of  ovulating  hormone  sufficient  to 
be  detected  by  these  methods. 

Effect  of  replacement  therapy  with  desiccated  thyroid.  If  the  observed 
changes  of  the  ovary  in  the  thyroidectomized  rabbits  directly  result 
from  a  condition  of  hypothyroidism,  the  administration  of  desiccated 
thyroid  to  such  animals  should  restore  the  ovarian  functions  to  nor¬ 
mal.  Thirteen  rabbits  were  given  desiccated  thyroid  by  mouth  at 
different  times  after  thyroidectomy — some  being  fed  immediately 
after  operation,  while  others  remained  in  a  hypothyroid  condition 
for  a  considerable  length  of  time  until  the  ovarian  changes  had  become 
evident.  The  dosage  was  at  first  50  mg.  per  kg.  of  body  weight  every 
other  day,  but  this  amount  of  thyroid  was  definitely  toxic  and  was 
finally  reduced  to  35  mg.  per  kg.  of  body  weight.  Some  of  these  ani¬ 
mals  receiving  the  high  doses  of  desiccated  thyroid  suffered  a  great 
loss  of  body  weight  which  hindered  the  general  health  so  that  they 
refused  to  mate  when  a  buck  was  introduced.  Others  receiving  the 
lower  doses  of  desiccated  thyroid  appeared  to  be  healthy  and  had  but 
little  loss  of  body  weight.  They  mated  during  the  period  of  thyroid 
feeding  and  ovulation  was  observed  in  all  of  the  cases  (table  8).  The 
ovaries  of  these  animals  were  normal,  being  structurally  solid  with 
relatively  few  follicles  of  different  sizes.  It  may  be  concluded,  there- 


Table  8.  Occurrence  of  ovulation  after  coitus  in  thyroid-fed- 
THTROIDECTOMIZED  RABBITS 


Animal 

No. 

Days  after 
Thyroidec¬ 
tomy 

Days  of 
Thyroid 
Feeding 

Dosage  of 
Thyroid 
per  kg. 

Frequency 

of 

Coitus 

Occurrence 
of  Ovula¬ 
tion 

Condition 

of 

Ovary 

R  120 

98 

67 

mglSBnd  day 
35 

4 

+ 

Normal 

R  123 

104 

71 

35 

5 

+ 

Normal 

R  205 

28 

14 

35 

3 

+ 

Normal 

R  195 

48 

14 

35 

3 

+ 

Normal 

R  207^ 

25 

14 

35 

3 

+ 

Normal 

R  217 

18 

17 

35 

+ 

Normal 
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fore,  that  the  administration  of  desiccated  thyroid  to  the  long-stand¬ 
ing  thyroidectomized  rabbits  restores  the  ovarian  functions  to  normal, 
while  given  shortly  after  thyroidectomy,  prevents  the  ovarian 
changes  of  the  hypothyroid  type. 

The  content  of  ovulating  hormone  which  is  present  in  the  hy¬ 
pophyses  of  these  animals  was  assayed  in  estrous  rabbits.  It  was 
found  that  the  hypophyseal  extract  prepared  from  those  animals  fed 
with  high  doses  of  desiccated  thyroid  was  ineffective  in  causing  the 
rupture  of  mature  follicles,  but  that  the  extract  prepared  from  those 
fed  on  small  doses  of  thyroid  exerted  an  action  on  the  ovary  either  by 
causing  it  to  produce  hemorrhagic  follicles  or  to  ovulate  (table  9). 
The  percentage  of  positive  reactions  seemed  to  be  lower  than  the 
normal  (60%),  but  this  may  be  attributed  to  the  difficulty  of  giving 


Table  9.  Ovulation  in  estrous  rabbits  caused  by  injection  of  an  hypophyseal 

EXTRACT  FROM  THYROID-FED-THYROIDECTOHIZED  RABBITS 


No.  of 

Pituitary  Donors 

Days  after 
Thyroidectomy 

Days  of  Thyroid 
Feeding 

Occurrence  of  Ovulation 

R 

98 

30 

21 

R 

63 

71 

68 

— 

R 

117 

93 

34 

R 

217 

40 

39 

+ 

R 

217 

40 

39 

+ 

R 

120 

127 

96 

Hemorrhagic  follicles 

R 

123 

127 

96 

Hemorrhagic  follicles 

the  animals  a  physiological  dosage  of  desiccated  thyroid.  Individual 
variations  may  also  be  a  part  of  the  factors  involved. 


^  DISCUSSION 

The  presence  of  two  different  gonadotrophic  hormones  in  the  an¬ 
terior  hypophysis  has  been  discussed  by  Fevold  (1939).  The  follicle- 
stimulating  hormone  is  biologically  different  from  the  luteinizing 
hormone  and  its  chemical  properties  also  differ.  The  work  of  Casida 
(1934),  Foster  and  Fevold  (1938),  and  Foster  (1938)  indicates  that 
ovulation  cannot  be  induced  in  rats  and  in  rabbits  by  the  administra¬ 
tion  of  follicle-stimulating  hormone  unless  it  is  contaminated  by 
traces  of  luteinizing  hormone.  This  suggests  that  the  factor  essential 
for  ovulation  may  be  the  luteinizing  hormone.  In  our  thyroidecto¬ 
mized  rabbits,  the  formation  of  the  corpora  lutea  usually  followed  rup¬ 
ture  of  the  follicles.  We  have  also  demonstrated  that  the  thyroidec¬ 
tomized  rabbit  is  deprived  of  ovulating  hormone.  This  leads  us  to  the 
belief  that  the  luteinizing  hormone  of  the  hypophysis  is  by  no  means 
indispensable  for  the  formation  of  the  corpus  luteum.  The  question 
arises  as  to  what  factor  is  particularly  concerned  in  governing  the 
formation  and  functional  state  of  this  organ.  This  has  been  a  ques¬ 
tion  of  debate  for  a  long  time.  But  there  is  every  reason  to  believe 
that  estrogen  may  be  important  in  the  formation  and  functional 
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maintenance  of  the  corpus  luteum.  Robson  (1938)  has  found  that 
when  estrogen  is  injected  into  the  rabbits  in  which  ovulation  has  been 
induced  after  hypophysectomy,  active  corpora  lutea  develop.  The 
gonadotrophic  factor  from  pregnancy  urine  maintains  a  functional 
corpus  luteum  when  given  immediately  after  h3rpophysectomy,  but 
not  when  a  few  days  are  allowed  to  elapse  before  its  administration. 
It  is  suggested,  therefore,  that  normally  gonadotrophic  hormone  in¬ 
directly  controls  the  luteal  function  through  the  secretion  of  estrogen 
which  in  turns  regulates  hypophyseal  function  and  not  by  direct 
action  on  the  corpus  luteum.  The  results  reported  by  Chu  and  Lee 
(1942)  give  further  support  to  this  contention.  On  the  basis  of  this 
hypothesis  it  w’ould  follow  that  after  thyroidectomy,  large  amounts  of 
estrogen  must  have  been  made  available  from  the  hypertrophied 
follicles  which  transformed  the  ruptured  follicles  into  corpora  lutea, 
despite  the  absence  of  luteinizing  hormone. 

With  regard  to  the  content  of  luteinizing  hormone  (ovulating  hor¬ 
mone)  in  the  anterior  hypophysis  of  thyroidectomized  rabbits,  our 
results  are  not  in  accord  with  those  reported  by  van  Dyke  and  Chen 
(1935).  They  found  that  the  saline  suspension  of  the  pituitary  gland 
from  thyroidectomized  animals  may  cause  ovulation  in  estrous  rab¬ 
bits,  but  that  the  percentage  of  positive  responses  is  definitely  low'er 
than  that  caused  by  the  injection  of  the  extracts  from  normal  pitui¬ 
tary  glands.  This  discrepancy  may  be  explained  by  the  different 
dosage  used  by  them. 

The  results  of  the  copper  acetate  injection  are  of  interest.  This 
chemical  is  supposed  to  exert  its  action  through  the  hypothalamus, 
thereby  activating  the  pituitary  gland  through  the  stalk.  Inasmuch 
as  the  thyroidectomized  females  failed  to  ovulate  even  when  the 
hypothalamus  was  stimulated  by  the  copper  salt,  it  may  be  inferred 
that  the  absence  of  ovulation  after  coitus  is  not  due  to  the  block  of 
impulse  to  the  central  nervous  system.  The  results  of  assays  may 
clarify  this  point.  The  hypophyseal  extract  from  the  thyroidecto- 
mized  animals  was  ineffective  in  causing  ovulation  in  both  estrous  and 
thyroidectomized  rabbits.  In  view  of  the  high  ovarian  sensitivity  of 
the  latter  group  of  animals,  it  should  be  possible  to  detect  even  a  sub¬ 
normal  amount  of  the  hormone.  However,  no  positive  responses  were 
obtained.  In  considering  the  results  of  these  experiments,  it  may  be 
that  the  pituitary  gland  of  the  thyroidectomized  rabbit  is  deficient  in 
ovulating  hormone. 

Although  Hofmeister  (1893)  was  the  first  to  observe  an  hyper¬ 
trophy  of  the  follicles  in  thyroidectomized  rabbits,  its  significance 
was  not  explained  by  him.  Enhanced  growth  of  follicles  was  invariably 
-  observed  in  our  thyroidectomized  animals.  There  are  at  least  two  pos¬ 
sibilities  which  may  bring  about  such  a  change,  a)  the  content  of  the 
follicle-stimulating  hormone  may  have  become  increased  or  6)  its 
action  has  been  rendered  more  effective  by  the  removal  of  the  thyroid 
gland.  Evidence  thus  far  obtained  favors  the  former  alternative  as  a 


February,  1944  EFFECT  OF  THYROID  ON  PITUITARY 


101 


possible  interpretation.  The  reason  is  that  not  only  do  the  ovaries  of 
thyroidectomized  rabbits  develop  an  extraordinarily  large  number  of 
follicles,  but  also  there  is  an  increased  potency  of  the  pituitary  glands 
in  stimulating  the  growth  of  follicles  in  estrous  rabbits.  While  this  is 
most  likely  the  explanation,  the  second  alternative  is  by  no  means 
precluded.  It  has  been  shown  by  Fluhmann  (1934),  Leonard  (1936), 
and  Leonard  and  Hansen  (1936)  that  thyroidectomy  in  the  rat  in¬ 
creases  the  effectiveness  of  injected  follicle-stimulating  hormone.  This 
suggests  that  the  presence  of  active  thyroid  may  inhibit  the  ovarian 
function. 

It  is  known  that  pituitary  glands  of  castrated  animals  contain  a 
higher  titer  of  follicle-stimulating  hormone  than  those  of  normal  ani¬ 
mals,  as  does  the  urine  of  castrated  animals.  As  reported  by  previous 
workers  (Severinghaus,  et  al.,  1934;  Zeckwer,  et  al.,  1935;  Nelson  and 
Hickman,  1937),  the  cellular  changes  of  the  hypophysis  in  thyroidecto¬ 
mized  rats  are  similar  to  those  in  castrated  animals  and  such  changes 
can  also  be  prevented  or  corrected  by  estrogen  injections  (Nelson  and 
Hickman,  1937).  On  this  basis  we  would  expect  an  increase  in  amount 
of  the  follicle-stimulating  hormone  in  the  h3rpophysis  of  thyroidec¬ 
tomized  animals.  This  assumption  gains  support  from  the  results  of 
the  present  study. 

It  has  been  amply  demonstrated  that  the  activity  of  the  hypophy¬ 
sis  is  in  some  way  controlled  by  the  gonad.  The  interaction  between 
these  two  glands  of  internal  secretion  through  their  respective  hor¬ 
mones  has  formed  a  foundation  upon  which  the  postulation  of  sexual 
periodicity  is  based.  No  clear-cut  evidence  is  now  available  to  show 
what  part  is  taken  by  the  thyroid  in  the  regulation  of  pituitary  gland 
function.  From  the  results  of  the  present  study,  we  would  postulate 
that,  as  far  as  the  follicle-stimulating  hormone  is  concerned,  the 
inhibitory  action  of  estrogen  on  the  hypophysis  might  be  indirect 
through  the  thyroid.  Under  the  condition  of  hypothyroidism,  the 
pituitary  gland  is  rich  in  follicle-stimulating  hormone  so  that  the 
graafian  follicles  are  highly  stimulated.  As  a  result  of  follicular  hyper¬ 
trophy,  large  amounts  of  estrogen  would  be  produced  and  constantly 
added  to  the  general  circulation.  Despite  the  increase  in  concentration 
of  estrogen  in  the  blood,  the  mechanism  of  elaboration  of  the  follicle- 
stimulating  hormone  does  not  seem  to  be  suppressed  as  evidenced  by 
the  results  of  assays  and  the  persistence  of  large  follicles  in  the  long¬ 
standing  thyroidectomized  rabbits.  It  appears  to  be  likely  that  even 
the  presence  of  a  high  concentration  of  estrogen  in  the  thyroidecto¬ 
mized  rabbit,  is  ineffective  in  checking  the  enhanced  production  of  the 
follicle-stimulating  hormone. 


SUMMARY 


In  thyroidectomized  rabbits,  the  ovaries  contained  many  more 
large  follicles  than  in  normal  controls.  However,  ovulation  did  not 
take  place  after  coitus  or  after  the  injection  of  copper  acetate.  The 
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operated  animals  readily  ovulated  after  the  injection  of  pregnancy 
urine  extract  and  the  ruptured  follicles  were  more  numerous  than 
in  normal  estrous  animals. 

Fresh  hypophyseal  saline  extracts  were  prepared  from  the  normal 
and  thyroidectomized  rabbits  for  the  assay  of  the  relative  amounts 
of  ovulating  hormone.  It  was  found  that  the  extract  from  the  normal 
animals  caused  ovulation  in  60  per  cent  of  the  estrous  rabbits,  whereas 
extract  from  thyroidectomized  rabbits  caused  no  ovulation  but  in¬ 
duced  the  growth  of  follicles.  Furthermore,  thyroidectomized  fe¬ 
males  were  very  sensitive,  responding  by  ovulation  to  the  injection  of 
hypophyseal  extract,  from  normal  animals,  but  they  failed  to  ovulate 
when  injected  with  an  extract  similarly  prepared  from  thyroidecto¬ 
mized  animals. 

It  appears  that  the  hypophysis  of  thyroidectomized  rabbits  is 
free  of  ovulating  hormone,  whereas  the  follicle-stimulating  hormone 
may  be  considerably  increased. 

The  author  is  indebted  to  Dr.  P.  E.  Smith  for  reading  the  manuscript  and  making 
corrections  in  English. 
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PREPARATION,  BIOLOGICAL  ASSAY  AND 
PROPERTIES  OF  RELAXING 


A.  A.  ABRAMOWITZ,  W.  L.  MONEY,  M.  X.  ZARROW, 

R.  V.  N.  TALMAGE,  L.  H.  KLEINHOLZ  and 
F.  L.  HISAW 

From  the  Biological  Laboratories,  Harvard  University 
CAMBRIDGE,  MASSACHUSETTS 

In  1926,  it  was  demonstrated  that  the  relaxation  of  the  symphysis 
pubis  of  the  guinea  pig  was  under  the  hormonal  control  of  a  substance 
called  relaxin  (Hisaw,  1926).  This  hormone  was  found  in  the  blood 
of  several  species  of  pregnant  mammals,  in  extracts  of  rabbit  placentae 
and  corpora  lutea  of  the  sow  (Hisaw,  1926, 1927, 1929).  These  findings 
were  confirmed  by  subsequent  investigators  (Brouha  and  Simmonet, 
1928;  Pommerenke,  1934;  Abramson,  Hurwitt  and  Lesnick,  1937), 
but  others  (de  Fremery,  Kober  and  Tausk,  1931;  Courrier,  1931; 
Tapfer  and  Haslhofer,  1935;  Haterius  and  Fugo,  1939)  were  able  to 
obtain  relaxation  of  the  pelvic  ligaments  with  estrogen  or  with  com¬ 
binations  of  estrogen  and  progesterone.  The  discovery  that  relaxation 
of  the  symphysis  pubis  of  the  guinea  pig  could  be  induced  with  such 
pure  substances  as  estrogen  and  progesterone  has  naturally  led  many 
investigators  to  doubt  the  existence  of  a  separate  hormone,  relaxin. 
The  purpose  of  the  present  study  therefore  was  to  reinvestigate  this 
problem  from  both  a  physiological  and  chemical  standpoint.  An 
attempt  has  been  made  to  obtain  a  preparation  of  relaxin  by  a  simple 
method,  to  make  a  quantitative  study  of  its  activity,  and  to  determine 
whether  active  solutions  of  the  hormone  have  any  estrogenic  or  pro¬ 
gestational  effects.  In  this  manner,  we  hoped  to  answer  the  question 
as  to  whether  relaxin  was  a  separate  hormone,  distinct  from  estrogen 
and  progesterone. 

PROCEDURES 

Preparation  of  relaxin.  There  has  been  no  further  addition  to  our 
knowledge  of  the  chemistry  of  relaxin  since  the  work  of  Feyold,  Hisaw 
and  Meyer  (1930c).  These  investigators  prepared  an  amorphous  mate¬ 
rial  with  an  activity  of  about  30  units/mg.  The  main  chemical  prop¬ 
erties  of  the  hormone  were  its  slight  solubility  in  water  and  95  per 
cent  alcohol,  its  insolubility  in  common  organic  solvents,  and  its  iso¬ 
electric  point  of  5.4  to  5.5  Alkalis,  oxidizing  agents,  and  proteases 
such  as  pepsin  and  trypsin  destroyed  the  activity,  while  non-oxidizing 
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acid  solutions  of  the  hormone  were  .quite  stable  for  as  long  a  period 
as  one  year.  The  final  product  had  a  nitrogen  content  of  1 1  per  cent, 
and  on  the  basis  of  the  above  data,  the  suggestion  was  made  that  the 
hormone  was  a  peptide. 

Preparation  of  relaxin  with  a  potency  of  30  units/mg.  was  ob¬ 
tained  from  fresh  sow  corpora  lutea  by  a  rather  laborious  method. 
The  corpora  lutea  were  extracted  with  acid  alcohol  and  the  acid  ex¬ 
tracts  freed  from  fats  by  dilution  with  water.  After  neutralization 
of  the  extract,  the  filtrate  was  evaporated  to  semi-dryness  and  ex¬ 
tracted  several  times  with  95  per  cent  alcohol,  thus  eliminating  con¬ 
siderable  amounts  of  protein.  Addition  of  acetone  to  the  alcohol  ex¬ 
tract  precipitated  phospholipids  and  other  material,  and  further  fats 
were  removed  from  the  dried  filtrate  by  ether  extraction.  After  the 
ether-insoluble  material  had  been  dissolved  in  glacial  acetic  acid  and 
evaporated,  it  was  washed  with  alcohol,  dissolved  in  water  and  preci¬ 
pitated  as  a  picrate.  The  picrate  was  then  dissolved  in  glacial  acetic 
acid  and  precipitated  by  ether,  dissolved  in  water  and  then  isoelectri- 
cally  precipitated  by  adjusting  the  pn  to  5.4.  Repetition  of  the  last 
step  yielded  a  product  with  a  purification  of  between  5000  to  6000 
times  that  of  the  original  starting  material. 

We  tried  to  prepare  relaxin  by  a  simpler  method  than  that  of 
Fevold,  Hisaw  and  Meyer  (1930c)  so  that  considerable  material  could 
be  quickly  and  easily  obtained.  At  first  fresh  corpora  lutea  were  used 
as  the  starting  material  but  shortly  it  was  discovered  that  partially 
defatted  and  semi-dry  luteal  tissue  retained  the  relaxin  almost  com¬ 
pletely,  and  could  serve  as  an  apparently  stable  source  for  the  hor¬ 
mone.  This  defatted  and  semi-dried  luteal  tissue  was  supplied  to  us 
by  Dr.  G.  F.  Cartland  of  the  Upjohn  Company,  and  represents  a 
residue  in  their  process  for  the  preparation  of  progesterone.  This 
residue  is  obtained  by  stirring  ground  corpora  lutea  into  two  weight 
volumes  of  methanol  at  room  temperature.  The  methanol  extract  is 
removed,  and  the  residue  re-extracted  with  weight  volumes  of  meth¬ 
anol.  After  decantation  of  the  second  extract,  the  tissue  residue 
was  pressed  into  the  form  of  pellets  and  stored  in  the  cold  room.  This 
method  is  essentially  the  same  as  that  of  Allen  and  Meyer  (1933) 
for  the  preparation  of  progesterone  which  is  contained  in  the  meth¬ 
anol-soluble  fraction. 

Several  100-gm.  lots  of  such  pellets  were  extracted  with  2  per  cent 
aqueous  HCl,  and  the  extracts  thus  prepared  were  tested  on  castrated 
female  guinea  pigs  in  the  manner  devised  by  Fevold,  Hisaw  and  Meyer 
(1930c).  These  tests  showed  that  the  pellets  contained  3  to  4  units  of 
relaxin  per  gm.  of  moist  weight,  according  to  the  assay  method  of 
.these  authors.  This  indicated  that  the  major  portion  of  the  relaxin 
content  of  fresh  corpora  lutea  was  retained  in  the  pellets  obtained  as 
described  above. 

For  the  preparation  of  larger  amounts  of  relaxin,  the  following 
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procedure  was  devised :  One  kilogram  of  pellets  was  ground  in  a  mill 
with  dry  ice  into  a  fine  powder  which  was  then  allowed  to  stand  at 
room  temperature  until  the  dry  ice  evaporated.  Ten  liters  of  2  per 
cent  HCl  was  added  and  the  emulsion  stirred  at  room  temperature 
for  one  to  two  days.  Fifty-eight  gm.  of  NaCl  was  then  added  with 
stirring  for  every  liter  of  the  emulsion,  and  the  pn  of  the  emulsion 
brought  to  6.5  with  10  per  cent  NaOH.  The  emulsion  broke  into  a 
clear  yellowish  solution  and  a  dark  brownish  amorphous  material, 
which  was  removed  by  filtration  through  coarse  filter  paper  and  dis¬ 
carded.  For  every  liter  of  the  filtrate,  650  gm.  of  (NH4)2S04  was  added 
with  gentle  stirring.  While  standing  for  two  days,  a  fine  grayish-white 
fluocculent  material  settled  out.  This  precipitate  was  collected  by 
filtration  through  fine  filter  paper,  and  the  filtrate  discarded.  The 
precipitate  was  scraped  off  the  filter  paper,  stirred  into  small 
amounts  of  distilled  water  and  dialyzed  against  running  tap  water 
for  two  days,  and  then  against  distilled  water  for  one  day.  The  di¬ 
alyzed  preparation  contained  approximately  one  guinea  pig  unit  of 
relaxin  per  mg.  of  dry  weight.  One  milligram  of  this  preparation  con¬ 
tained  0.175  mg.  of  ash  and  0.143  mg.  of  N.  The  percentage  of  nitro¬ 
gen  to  organic  material  was  15.5. 

Large  amounts^  of  relaxin  were  worked  up  to  the  stage  just  de¬ 
scribed  in  order  to  have  sufficient  material  to  establish  an  assay  curve. 
The  dialyzed  solution  was  diluted  with  distilled  water  so  that  1  cc. 
of  the  resulting  solution  was  equivalent  to  15  gm.  of  fresh  luteal 
tissue.  This  served  as  a  stock  solution,  and  further  dilution  was  made 
from  it  when  necessary. 

Assay  of  relaxin.  It  became  immediately  necessary  to  work  out  a 
method  for  the  assay  of  relaxin  in  order  to  place  the  investigation 
on  a  quantitative  basis.  Most  previous  investigators  used  only  a  few 
guinea  pigs  per  test  and  reported  their  results  qualitatively,  i.e.,  the 
presence  or  absence  of  relaxation.  This  served  as  a  simple  method  for 
detecting  the  presence  of  relaxin  in  an  extract,  or  a  biological  fluid. 
For  quantitative  results,  Fevold,  Hisaw  and  Meyer  (1930c)  desig¬ 
nated  as  a  unit  of  relaxin  the  minimum  amount  of  hormone  which 
caused  a  definite  loosening  of  the  pelvic  ligaments  within  10  to  12 
hours  after  a  single  injection.  The  accuracy  of  such  a  method  must 
have  been  necessarily  low.  Furthermore,  this  method  must  have  been 
rather  tedious  since  serial  dilutions  had  to  be  injected  until  a  negative 
response  was  obtained. 

To  improve  the  accuracy  and  to  facilitate  the  assay  of  this  hor¬ 
mone,  a  standard  curve  was  devised,  relating  dose  to  effect,  from 
which  the  unitage  of  relaxin  could  be  read  off  following  a  single  dose. 
For  this  purpose,  groups  of  10  to  12  animals  were  used  for  each  test. 
The  animals  were  all  prepared  in  the  following  manner.  Virgin  guinea 

*  We  are  greatly  indebted  to  Dr.  G.  F.  Cartland  of  the  Upjohn  Company  for 
working  up  two  large  batches  of  relaxin  to  the  stage  described.  < 
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pigs  weighing  at  least  250  gm.  were  ovariectomized  and  allowed  to 
grow  until  they  had  obtained  a  weight  of  at  least  350  gm.  Only  animals 
weighing  between  350  and  800  gm.  were  used  in  the  development  of 
the  standard  curve.  Animals  weighing  more  than  800  gm.  accumulate 
adipose  tissue  about  the  pelvis,  which  affords  a  mechanical  obstacle 
to  precise  palpation  of  the  pubic  symphysis.  Hence  all  such  animals 
were  retired  from  the  assay  colony. 

All  animals  were  injected  with  0.83  ng.  of  estradiol  daily  for  4 
days.  On  the  fifth  day,  the  animals  were  examined  and  all  of  those 
which  did  not  have  tight  symphyses  were  discarded.  The  remaining 
animals  in  groups  of  10  to  12  each  were  injected  subcutaneously  with 
a  single  dose  of  relaxin,  usually  in  a  volume  of  1  cc.  of  distilled  water. 

The  first  problem  that  arose  was  the  definition  and  characteriza¬ 
tion  of  the  response.  It  soon  became  obvious  as  stated  previously 
(Hisaw,  1926,  1927,  1929;  Hisaw,  Fevold  and  Meyer,  1930;  Fevold, 
Hisaw  and  Meyer,  1930a,  b,  c;  Fevold,  Hisaw  and  Leonard,  1932) 
that  large  doses  of  relaxin  induced  a  much  greater  relaxation  of.  the 
pelvic  ligaments  than  small  doses,  and,  as  expected,  a  larger  percent¬ 
age  of  the  group  of  animals  reacted.  Thus  two  factors,  o)  the  extent 
of  the  relaxation  of  the  ligaments  and  b)  the  percentage  of  animals 
showing  relaxation  could  serve  as  variables  as  a  function  of  dosage. 
However,  there  is  no  method  of  measuring  the  amount  of  relaxation 
of  the  ligaments  of  a  guinea  pig  except  the  subjective  method  of  grad¬ 
ing  relaxation  arbitrarily  in  the  order  of  magnitude  from  1  to  4,  as 
was  done,  for  example,  for  the  progestational  response  of  the  rabbit’s 
uterus.  To  reduce  the  subjective  elements  in  the  method,  a  positive 
response  was  designated  only  in  those  animals  which  showed  an  un¬ 
mistakable  relaxation  of  the  pelvic  ligaments.  This  w  ould  correspond 
to  a  relaxation  of  3  or  4.  Therefore,  the  response  of  the  animals  was 
considered  purely  as  positive  or  negative  and  the  percentage  of  12 
animals  showing  an  unmistakable  relaxation  was  recorded.  This  now 
gave  a  mathematical  expression  of  the  effect  of  any  dose  of  the  hor¬ 
mone.  In  an  attempt  to  make  this  determination  more  accurate,  the 
assays  were  performed  independently  by  two  of  the  authors  (M.X.Z. 
with  W.L.M.,  or  R.V.T.).  When  discrepancies  occurred,  the  lower  of 
the  two  determinations  of  the  number  of  positive  responses  was  taken. 
Surprisingly  few  discrepancies  occurred,  and  the  variation  as  a  rule 
was  never  more  than  3  per  cent  among  any  two  of  the  three  examiners 
when  luteal  extracts  were  tested. 

The  nature  of  the  response  having  been  defined  the  next  variable 
was  the  time  following  the  injection  of  the  hormone  at  which  the  end 
point  was  to  be  read.  Previous  investigators  determined  the  response 
-10  to  12  hours  or  later  following  the  injection  of  the  test  material. 
In  an  attempt  to  shorten  this  interval,  2  groups  of  10  and  12  animals, 
respectively,  were  injected  with  a  dose  of  relaxin  equivalent  to  1  gm. 
of  fresh  corpus  luteum  tissue  per  animal,  and  a  third  group  of  12 
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animals  with  a  dose  of  2  gm.  per  animal.  The  animals  were  palpated 
at  6,  12  and  24  hours  following  the  injection  and  the  percentage  of 
positive  responses  determined  as  described  above.  The  results,  ar¬ 
ranged  in  individual  form  in  table  1  show  that  in  all  3  groups  the  great¬ 
est  number*of  animals  reacted  at  6  hours  following  injection.  Further¬ 
more,  by  examining  the  individual  readings,  it  can  be  seen  that  in  no 
case  was  any  response  elicited  at  12  and  24  hours  in  any  animal  that 
had  not  reacted  at  6  hours.  Finally,  it  can  also  be  seen  that  the  aver¬ 
age  time  during  which  the  ligaments  remained  relaxed  was  much 


Table  1.  Time  at  which  relaxation  occurred  following  a  single 

INJECTION  OF  RELAXIN 


Relaxin  R4 
Group  I 

1  gm.  eq. 

Relaxin  R4f 
Group  II 

1  gm.  eq. 

Relaxin  R5 
Group  III 

2  gm.  eq. 

Hours  Following  Injection 

6  12  24 

6  12  24 

6  12  24  48 

Animal  number 

1 

+  +  - 

_  _  _ 

+  —  ”  “ 

2 

+  +  - 

+  -  - 

+  +  “  •“ 

3 

_  _  _ 

+  -  - 

+  +  +  - 

4 

—  —  _ 

+  -  - 

+  +  -  - 

5 

+  +  " 

_  —  _ 

+  +  -  - 

6 

_ 

+  -  - 

+  -  -  - 

7 

+  +  - 

_  _ 

+  “  “  “ 

8 

+  -  - 

—  _ 

+  +  -  - 

9 

—  —  — 

+  -  - 

+  +  -  - 

10 

11 

12 

++  1 

1  +  1 

1  1  1 

+  -  - 

+  -  -  - 

+  -  -  - 

Per  cent  response 

60  40  0 

58  8  0 

+  =  positive  response  (unmistakable  relaxation) 
—  =•  negative  response  (partial  or  no  response) 


greater  in  the  group  receiving  the  larger,  than  in  the  2  groups  receiving 
the  smaller  dosage.  Curves  constructed  of  the  percentage  response  as 
a  function  of  time,  therefore,  indicate  not  only  the  duration  of  action 
of  relaxin,  but  also  reflect  the  dosage  employed.  Since  the  end  point 
could  now  be  read  at  6  hours,  this  aspect  of  the  assay  w'as  not  studied 
further.  We  wish  to  point  out,  however,  that  relaxin  has  a  characteris¬ 
tically  brief  action  which  is  maximal  at  6  hours  and  falls  off  sharply 
at  24  hours  when  the  symphysis  returns  to  its  original  condition. 

Having  determined  the  nature  of  the  end  point  and  the  time  at 
which  it  should  be  read,  20  groups  of  animals  were  set  up,  each  group 
consisting  of  12  animals  prepared  in  the  standard  manner  already 
described.  Eleven  doses  ranging  from  5  gm.  equivalent  of  luteal  tissue 
to  0.0625  gm.  were  prepared  by  diluting  the  stock  solution  of  relaxin 
and  were  distributed  among  the  20  groups.  In  some  instances,  the 
same  dose  was  given  to  each  of  2  groups,  in  others  to  each  of  4  groups, 
as  indicated  in  table  2,  in  which  all  of  the  data  of  this  experiment  on 
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240  animals  are  shown.  These  data  are  plotted  as  a  curve  in  figure  1. 
The  relationship  between  percentage  of  positive  response  and  dosage 
is  expressed  by  a  sharp  sigmoid  type  of  curve.  The  increment  of  re¬ 
sponse  is  practically  equal  to  the  increment  in  dosage  between  gm. 
equivalent  and  2  gm.  equivalent,  but  increases  beyond  this  dosage 
have  little  effect  on  the  response.  That  this  relationship  between  the 
two  doses  mentioned  is  one  of  direct  proportionality  is  seen  in  figure 
2  in  which  a  semilogarithmic  plot  of  the  same  data  yields  a  straight 
line. 


Table  2.  Assay  of  relaxin  in  castrated  female  guinea  pigs  pre-treated  with  3.3 

MICROGRAMS  OF  ESTRADIOL 


Dosage  in 
Grams  Equivalent 
of  Fresh  C.L. 

Group  Numbers 

Positive 

Responses 

Average 

% 

% 

0.0625 

IV 

0 

0 

0.125 

V 

8 

8 

0.25 

VI,  VII 

8  17 

13 

0.35 

VIII 

17 

17 

0.5 

IX,  X,  XI 

27  25  33 

29 

0.75 

XII,  XIII 

42  58 

50 

1.0 

XIV,  XV,  XVI,  XVII 

67  58  75  60 

65 

1.5 

XVIII 

83  75 

79 

2.0 

XIX,  XX,  XXI 

100  83  100 

95 

3.5 

XXII 

92 

92 

5.0 

XXIII 

92 

92 

On  the  basis  of  this  curve,  a  guinea  pig  unit  of  relaxin  is  defined 
as  that  amount  of  hormone  which  induces,  6  hours  following  injection, 
an  unmistakable  relaxation  of  the  symphysis  pubis  in  about  two-thirds 
of  a  group  of  12  castrated  female  guinea  pigs  weighing  between  350 
and  800  gm.  and  pretreated  with  0.83  Mg-  of  estradiol  daily  for  4  days. 
Such  a  response  has  been  consistently  obtained  with  a  dosage  of  one 
gm.  equivalent  of  fresh  corpora  lutea.  This  method  of  assay,  there¬ 
fore,  is  reasonably  accurate  and  in  addition  is  quantitative.  In  actual 
operation,  no  attempt  is  made  to  equilibrate  the  response  until  a 
dilution  yielding  a  66  per  cent  response  is  attained,  but  the  unitage  is 
read  off  from  the  standard  curve  providing  the  result  falls  betw'een 
20  and  90  per  cent.  Since  the  response  extends  over  approximately 
a  7-fold  range  it  is  rarely  necessary  to  inject  more  than  one  dilution  of 
an  unknown  to  obtain  an  assay. 

Four  additional  factors  were  studied  in  order  to  make  the  assay 
method  more  rigorous.  The  first  consideration  was  the  possible  effect 
of  weight  of  the  animals  upon  the  quantitative  response  to  relaxin. 

-  The  range  in  weight  of  our  colony  was,  as  stated,  350  to  800  gm.  Our 
records  were  analyzed,  therefore,  by  dividing  the  animals  into  2 
groups,  one  consisting  of  those  weiring  between  350  and  600  gm. 
and  the  other,  between  600  and  800  gm.  The  responses  of  these  two 
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Fig.  1.  Percentage  of  guinea  pigs  showing  relaxation  of  the  symphysis 
pubis  after  a  single  injection  of  varying  doses  of  relaxin. 

groups  to  doses  of  relaxin  at  one-half,  and  one  guinea-pig  unit  were 
determined.  These  figures  are  shown  in  table  3,  from  which  it  can  be 


Fig.  2.  Semi-logarithm  plot  of  the  same  data  shown  in  figure  1.  The  curve  indi¬ 
cates  a  constant  relationship  between  percentile  response  and  dosage  over  the  range 
of  0.35  to  2  gm.  equivalent  of  corpora  lutea.  The  points  indicate  the  arithmetic  average 
of  all  determinations  made  at  any  dosage  level,  and  the  vertical  bars  indicate  the 
highest  and  lowest  readings  obtained  at  that  dosage  level. 
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Table  3.  Effect  of  weight  of  guinea  pigs  on  the  response  to  relaxin 


Weight 

Relaxin 

G.P.  Units 

No.  of 
Animals 

Positive 

Response 

gm. 

% 

350-600 

0.5 

15 

33 

600-800 

0.5 

20 

30 

350-600 

1.0 

21 

76 

600-800 

1.0 

15 

60 

concluded  that  weight  has  no  appreciable  effect  on  the  response  of 
the  animals  to  relaxin,  at  least  at  these  two  dosage  levels. 

The  second  point  was  to  determine  whether  there  was  any  seasonal 
variation  in  the  reaction  of  the  animals  to  a  given  dosage  of  relaxin. 
In  order  to  obtain  information  on  this  point,  a  1-gm.  equivalent  dose 
of  relaxin  from  three  different  preparations  was  injected  at  various 
intervals  during  a  year.  The  results  shown  in  table  4,  indicate  that 
there  is  no  seasonal  variation  because  three  different  preparations  at 
a  dosage  of  one  unit  gave  responses  varying  between  58  and  75  per 
cent,  a  range  which  is  essentially  the  same  as  that  found  previously 
for  one  unit  (table  2). 

The  third  aspect  of  the  assay  that  received  some  thought  was  the 
specificity  of  the  response  itself.  This  perhaps  merits  a  complete  and 
separate  investigation,  but  two  experimental  facts  can  be  cited  to 
support  the  contention  that  the  response  of  the  ligaments  is  a  reaction 
to  a  specific  material.  In  the  first  place,  as  much  as  10  gm.-equivalent 
of  the  protein  fractions  discarded  during  the  preparation  of  relaxin 
already  described  were  ineffective  in  producing  relaxation.  This  shows 
clearly  that  the  relaxation  of  the  symphysis  at  least  is  not  due  to  a 
foreign  protein  or  other  material,  but  to  a  specific  fraction  of  the 
total  extractives  of  luteal  tissue  of  the  sow.  In  the  second  place,  about 
0.5  kg.  of  beefsteak  was  extracted  in  the  same  fashion  as  that  de¬ 
scribed  for  relaxin  and  2-gm.  equivalent  of  the  fraction  of  this  extract 
corresponding  to  our  active  relaxin  fraction  was  assayed.  This  test 
w'as  completely  negative. 

Table  4.  Effect  of  season  on  the  response  of  castrated  guinea  pigs  to  1  ou. 

EQUIVALENT  OF  RELAXIN 


Date 

Sample  of 
Relaxin 

•  Number  of 
Guinea  Pigs 

Positive 

Response 

5/24/42 

R1 

12 

% 

67 

6/  6/42 

R1 

12 

58 

7/  3/42 

R3 

12 

75 

7/27/42 

R4 

10 

60 

10/  2/42 

R4 

11 

74 

10/  9/42 

R4 

12 

58 

12/  4/42 

R4 

12 

75 

4/25/43 

R4 

12 

75 

9/11/43 

R4 

12 

65 
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Finally,  the  possibility  of  shortening  the  estrogen  pretreatment 
period  was  studied.  The  standard  policy  in  maintaining  the  assay 
colony  was  to  divide  the  animals  into  two  groups  and  to  use  these  two 
groups  alternately.  Thus,  during  one  week,  one  half  of  the  colony  was 
pretreated  with  estrogen  and  used  for  assay  purposes  on  the  5th  day, 
while  the  remaining  half  rested.  The  following  week,  the  procedure 
was  reversed.  Every  animal  then  had  a  complete  rest  for  one  week. 
This  situation  plus  the  housing  of  replacements  raised  the  total  num¬ 
ber  of  castrated  guinea  pigs  to  well  over  200,  which  was  the  maximum 
number  that  could  be  handled  at  any  one  time.  Since  there  were  other 
demands  on  the  colony,  it  became  evident  that  if  any  headway  to¬ 
ward  further  purification  of  relaxin  was  to  be  made,  a  shorter  period  of 
estrogen  pretreatment  or  a  much  larger  colony  would  be  required. 

The  first  attempt  was  to  see  if  any  pretreatment  was  necessary. 
It  had  been  shown  by  Hisaw  (1929)  that  estrogen  was  necessary  in 
order  for  relaxin  to  act,  but  we  thought  that  large  doses  of  relaxin 
might  possibly  be  effective  without  any  previous  treatment  with 
estrogen.  If  such  were  the  case,  a  much  greater  number  of  assays  could 
be  made.  This  possibility  was  tested  by  injecting  50  units  of  relaxin 
into  12  castrated  female  guinea  pigs  without  estrogen  therapy,  and 
none  responded.  Another  similar  group  of  castrated  animals  was  given 
the  standard  4-day  estrogen  therapy,  and,  7  days  after  the  last  injec¬ 
tion  of  estrogen,  50  units  of  relaxin  was  given.  All  responded.  Twenty- 
two  days  after  the  last  injection  of  estrogen  the  same  dose  of  relaxin 
failed  to  elicit  any  response  in  this  same  group.  The  first  conclusion 
to  be  drawn  was  that  estrogen  pretreatment  was  necessary  even  for 
large  doses  of  relaxin.  The  second  conclusion  was  that  the  facilitation 
of  relaxation  by  estrogen  lasted  for  over  7  days  following  the  last 
estrogen  injection. 

Taking  advantage  of  the  latter  finding,  it  was  thought  that  our 
objective  might  be  attained  if  a  state  of  constant  estrogen  facilita¬ 
tion  could  be  maintained,  rather  than  to  build  it  up  every  two  weeks, 
and  to  test  relaxin  on  such  animals  every  third  day.  If  this  proved 
feasible,  then  four  times  as  many  assays  could  be  made.  The  experi¬ 
ment  to  test  this  idea  was  set  up  as  follows.  A  group  of  12  castrated 
guinea  pigs  was  given  the  regular  4-day  estrogen  pretreatment  and  a 
dose  of  one  unit  of  relaxin  on  the  fifth  day.  On  the  6th  day  the  animals 
were  rested;  on  the  7th  day,  a  single  dose  of  0.83  ng.  of  estradiol  was 
given,  and  on  the  8th  day,  another  unit  of  relaxin  was  administered. 
From  this  point  on,  the  routine  of  the  6th,  7th  and  8th  days  was  re¬ 
peated  for  about  3  weeks.  The  percentage  of  animals  showing  relaxa¬ 
tion  was  determined  6  hours  following  the  relaxin  injections.  The  re¬ 
sults  obtained  are  interesting  in  that  the  animals  under  this  regimen 
became  increasingly  sensitive  to  the  standard  relaxin  dosage,  so  that 
by  the  third  week,  one  unit  which  pr'^  ^uces  a  66  per  cent  response,  was 
producing  a  90  per  cent  response  (;.,bout  two  units).  In  the  second 
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place,  this  regimen  induced  an  increased  number  of  ‘spontaneous’ 
relaxations  as  determined  by  routinely  palpating  the  pigs  just  before 
the  relaxin  was  administered.  Both  results,  of  course,  obviated  the 
possibility  of  using  this  method  as  an  assay,  and  further  attempts  in 
this  direction  were  temporarily  abandoned.  For  the  past  18  months 
we  have  used  the  assay  method  precisely  as  described  earlier. 

Physiological  'properties  of  relaxin.  The  possible  identification  of 
relaxin  and  the  phenomenon  of  relaxation  of  the  symphysis  pubis  in 
guinea  pigs  with  either  estrogen  or  progesterone  led  to  the  examina¬ 
tion  of  the  extract  for  the  presence  of  both  of  these  steroids,  in  spite 
of  the  fact  that  we  were  dealing  wdth  a  water-soluble  substance  and 
that  both  estrogen  and  progesterone  had  been  largely  removed  in 
the  methanol  extract  of  the  corpora  lutea.  Ten  castrated  female  rats, 
weighing  between  100  and  125  gm.,  were  divided  into  tw  o  equal  groups 
and  injected  with  a  total  of  60  and  120  gm.-equivalents  of  the  extract 
in  3  divided  doses  over  a  2-day  period.  Vaginal  smears  were  made  on 
the  3rd,  4th  and  5th  days  after  the  start  of  the  experiment.  Neither 
dose  produced  a  cornified  smear,  indicating  the  absence  of  estrogen 
in  at  least  120  gm.-equivalents  (120  guinea  pig  units)  of  the  fresh  cor¬ 
pora  lutea. 

Tw  o  female  rabbits  were  castrated  and  given  1.66  Mg-  of  estradiol 
per  day  for  5  days.  This  was  followed  by  100  gm.-equivalents  of  relaxin 
per  day  for  5  days.  The  total  amount  of  relaxin  given  represented  one- 
half  of  a  kg.  of  fresh  luteal  tissue.  The  rabbits  w^ere  killed  24  hours 
after  the  last  injection  of  relaxin  and  the  uteri  sectioned.  Comparison 
of  the  uterus  of  a  relaxin-treated  rabbit  with  a  uterus  taken  from  a 
rabbit  in  estrus  showed  them  tb  be  quite  similar  and  indicated  the 
lack  of  any  progestational  response. 

DISCUSSION 

At  the  beginning  of  this  paper,  it  was  stated  that  our  present  ob-  • 
jectives  were  to  obtain  a  workable  extract  of  relaxin  in  a  rapid,  inex¬ 
pensive  fashion,  to  make  a  quantitative  study  of  its  action,  and  finally 
to  test  the  preparation  for  the  presence  of  both  estrogen  and  pro¬ 
gesterone. 

The  first  objective  merits  little  further  discussion,  for  it  has  been 
attained  by  two  steps  requiring  only  such  common  and  inexpensive 
reagents  as  w  ater,  salt,  acid  and  alkali.  Extraction  of  the  luteal  tissue 
and  removal  of  much  inert  material  in  the  extract  are  carried  out  in 
the  same  operation  as  the  first  step,  and  the  precipitation  of  the  active 
material  by  salting  out  as  the  second  step  of  the  procedure.  Despite 
the  simplicity  of  this  method,  an  appreciable  purification  was  achieved 
since  the  resulting  preparation  has  an  activity  of  1000  units  per  gm.  as 
compared  with  an  original  of  3  units  per  gm.  The  total  yield  in  activity 
was  100  per  cent  according  to  our  assay  method,  but  it  is  probable 
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that  some  loss,  too  small  to  be  picked  up  by  the  assay,  must  have 
occurred. 

The  method  of  assay  has  been  discussed  at  length  in  the  text. 
We  have  stated  that  this  method  shows  that  the  relation  between  dos¬ 
age  and  response  is  constant  and  quantitative  over  a  7-fold  range  in 
dosage,  and  that  it  is  probably  more  accurate  than  the  earlier  assay 
method  (Fevold,  Hisaw  and  Meyer,  1930c).  Actually,  there  is  no 
proof  of  this  since  in  neither  the  earlier  nor  the  present  method  is 
there  any  mathematical  description  of  the  accuracy.  In  the  present 
method  there  is  more  than  one  point  at  each  dosage  level,  and  3  and 
4  points  along  the  steepest  part  of  the  curve.  The  smallest  variation 
above  and  below  the  arithmetic  average  is  ±  5  per  cent,  and  the  largest 
is  ±  10  per  cent.  However,  about  10  readings  at  each  dosage  level  are 
needed  in  order  to  calculate  such  information  as  the  accuracy  of  the 
averages,  the  standard  deviation,  what  constitutes  a  significant  differ¬ 
ence  in  response,  and  what  is  the  smallest  difference  between  two 
dosages  that  can  be  detected.  We  hope  to  obtain  sufficient  data  in  the 
future,  but  for  the  present,  we  feel  fairly  certain  that  our  assay  can 
distinguish  differences  in  doses  of  50  per  cent  but  not  less. 

Finally,  it  was  pointed  out  that  the  main  function  of  this  investiga¬ 
tion  was  to  attempt  to  settle  the  question  of  whether  relaxin  was  a 
separate  hormone  or  whether  its  effect  on  the  pelvic  ligaments  of  the 
guinea  pig  could  be  ascribed  to  either  of  the  well  known  ovarian  hor¬ 
mones  as  claimed  by  recent  authors.  We  have  seen  from  the  method 
of  preparation  that  the  sex  steroids,  estrogen  and  progesterone,  have 
been  largely  removed  from  the  luteal  tissue  before  the  relaxin  is 
extracted,  and  that  the  solubility  and  properties  of  relaxin,  as  indi¬ 
cated  by  its  method  of  preparation,  are  so  vastly  different  from  the 
steroids  as  to  preclude  any  identification  with  them.  This  latter  argu¬ 
ment  was  clearly  expounded  in  earlier  w  ork  (Hisaw,  1926, 1927, 1929; 
Hisaw,  Fevold  and  Meyer,  1930;  Fevold,  Hisaw  and  Meyer,  1930 
a,  b,  c;  Fevold,  Hisaw  and  Leonard,  1932).  In  addition  to  this,  we 
have  shown  that  an  amount  120  times  greater  than  a  single  relaxative 
dose  has  no  estrogeiji,  and  that  an  amount  500  times  greater  than  a 
relaxative  dose  has  no  progesterone.  These  findings,  together  with 
the  above  information  conclusively  show  that  relaxin  does  not  owe 
its  action  to  any  contaminating  estrogen  or  progesterone,  and  that  it 
is  a  substance  separate  and  distinct  from  them. 

SUMMARY 

A  method  for  the  assay  of  relaxin  has  been  described.  Castrated 
female  guinea  pigs  were  given  a  daily  dose  of  0.83  ng.  of  estradiol  for 
4  days,  and  a  single  injection  of  relaxin  on  the  5th  day.  Six  hours  fol¬ 
lowing  the  relaxin  injection,  the  symphysis  pubis  was  palpated,  and 
the  percentage  of  animals  showing  relaxed  pelves  determined.  A 
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guinea  pig  unit  of  relaxin  has  been  defined  as  that  amount  of  hormone 
producing  relaxation  of  the  symphysis  in  two-thirds  of  the  animals. 

.  A  simple  and  rapid  method  for  the  extraction  and  preliminary 
purification  of  relaxin  from  sow  corpora  lutea  has  been  described. 
Defatted  luteal  tissue  was  extracted  with  2  per  cent  HCl,  and  inert 
material  was  removed  by  addition  of  NaCl  to  1  molar  concentration 
and  neutralization  of  the  extract.  The  relaxin  was  precipitated  by 
saturation  with  ammonium  sulphate.  One  mg.  of  the  preparation, 
containing  15  per  cent  of  nitrogen,  represented  1  guinea  pig  unit  of 
relaxin. 

One  hundred  and  twenty  mg.  of  the  relaxin  preparation,  represent¬ 
ing  0.12  kg.  of  fresh  tissue  and  0.5  gm.,  representing  one-half  kg.  of 
fresh  tissue,  were  found  to  be  negative  for  estrogenic  and  progestational 
effects,  respectively. 

Grateful  acknowledgement  is  made  to  the  Schering  Corp.,  Bloomfield,  N.J.  for 
the  estradiol  used  in  these  experiments. 
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CONCENTRATION  OF  RELAXIN  IN  THE  BLOOD 
SERUM  OF  PREGNANT  AND 
POSTPARTUM  RABBITS' 

SUMNER  N.  MARDER  and  WILLIAM  L.  MONEY 
From  the  Biological  Laboratories,  Harvard  University 

i  CAMBRIDGE,  MASSACHUSETTS 

Relaxin  was  first  discovered  in  the  blood  serum  of  pregnant  rab¬ 
bits  by  Hisaw  (1926).  Subsequent  work  showed  that  the  relaxative 
hormone  was  also  present  in  the  blood  serum  of  several  species  of 
mammals  during  pregnancy  (Hisaw,  1929;  Pommerenke,  1934; 
Abramson,  Hurwitt  and  Lesnick,  1937).  However,  the  greatest  con¬ 
centration  of  the  hormone  was  found  in  the  blood  of  pregnant  rabbits 
(Hisaw,  1929).  In  this  animal  relaxin  could  be  detected  first  on  the 
7th  or  8th  day  of  pregnancy.  With  the  advance  of  pregnancy  increas¬ 
ing  amounts  of  the  hormone  could  be  fouiid  until  a  maximal  concen¬ 
tration  was  reached  in  the  latter  part  of  gestation.  Qualitative  tests 
of  the  blood  immediately  after  parturition  showed  a  rapid  decline 
in  the  hormonal  content  and  about  24  hours  after  parturition,  tests 
for  the  hormone  were  negative. 

The  purpose  of  the  present  study  was  to  investigate  in  a  more 
precise  and  quantitative  way  the  relationship  between  the  stage  of 
gestation  and  the  concentration  of  relaxin  in  the  serum  and  urine  of 
pregnant  rabbits.  Before  such  a  study  could  be  made  a  quantitative 
assay  method  had  to  be  developed,  as  has  been  done  for  relaxin  of  sow 
corpora  lutea,  based  on  the  relaxation  of  the  pelvic  ligaments  of  the 
guinea  pig. 

METHODS 

Samples  of  blood  were  taken  from  rabbits  at  various  intervals  after  mat¬ 
ing  and  the  serum  assayed  on  ovariectomized,  estrogen-conditioned  guinea 
pigs  in  the  manner  described  by  Abramowitz,  Money,  Zarrow,  Talmage, 
Kleinholz  and  Hisaw  (1944)  for  standardization  of  relaxin  in  luteal  extracts. 
Pregnancy  was  measured  in  whole  days  dating  from  an  observed  copulation. 
From  the  3rd  through  the  12th  day  of  pregnancy  the  total  blood  of  the  ani¬ 
mals  was  required  for  assay  and  was  obtained  by  cannulating  a  carotid  artery. 
Between  the  15th  day  and  parturition,  smaller  samples  of  blood  were  neces¬ 
sary  for  an  assay  and  these  were  removed  from  a  marginal  ear  vein.  The 
blood  was  allowed  to  stand  for  24  hours  before  centrifugation,  the  serum  was 
preserved  with  small  amounts  of  toluene  and  stored  in  the  cold  until  tested. 

Time  after  parturition  was  measured  from  the  completion  of  that  process 
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and,  unless  otherwise  stated,  is  subject  to  an  inaccuracy  of  plus  or  minus  one- 
half  hour.  Samples  of  blood  were  obtained  and  the  serum  prepared  for  injec¬ 
tion  in  the  same  manner  as  during  pregnancy. 

A  minimum  of  10  guinea  pigs  was  used  for  the  assay  of  each  sample.  If 
less  than  1  cc.  of  blood  was  to  be  given  an  animal,  it  was  diluted  with  distilled 
water  so  that  the  volume  of  fluid  injected  was  never  less  than  1  cc.  The  low 
concentration  of  relaxin  in  the  blood  during  early  pregnancy  necessitated  the 
injection  of  large  amounts  of  serum  which  resulted  in  the  death  of  some  test 
animals.  Consequently,  the  data  recorded  in  such  cases  are  based  on  fewer 
than  10  animals.  The  results  of  each  assay  were  referred  to  the  standardiza¬ 
tion  curve,  to  be  described,  and  the  activity  of  the  sample,  in  guinea  pig 
units,  was  determined.  Readings  of  greater  accuracy  than  one-half,  three- 
quarters,  or  one  unit  were  not  attempted.  From  the  activity  and  volume  of 
the  serum  injected  a  value  for  the  concentration  of  relaxin,  in  guinea  pig 
units  per  cc.  of  serum  was  readily  calculated. 

Twenty-four-hour  samples  of  urine  were  collected  from  several  animals 
during  the  course  of  pregnancy.  Each  sample  was  collected  under  toluene 
and  before  assay  was  dialized  against  running  tap  water  for  48  hours.  For 
assay,  1  to  5  cc.  of  the  dialyzed  urine  was  injected. 

RESULTS 

One-tenth  of  a  cc.  of  serum  from  rabbits  late  in  pregnancy 
(24r-32  days)  was  found  to  give  a  response  equivalent  to  that  obtained 
from  one  gm.  of  fresh  corpora  lutea  of  the  sow  (1  gpu).  It  was,  there- 


Table  1.  Assay  of  blood  serum  of  pregnant  rabbits  on  castrated  female  guinea 
PIGS.  Serum  obtained  from  6  rabbits  during  late  pregnancy 


Dosage  of 
Pregnant 
Rabbit  Sera 

Group  Numbers 
of  Guinea  Pigs 

Positive 

Response 

Average 

Response 

cc. 

% 

% 

0.025 

I,  VIII,  XI 

0,  8, 12 

7 

0.05 

II,  IX,  XII 

25, 28, 33 

29 

0.075 

III,  XIII,  XVI 

42,  58,  50 

50 

0.1 

IV,  VI,  VII,  X,  XV,  XVII,  XVIII 

82,  66,  58,  50,  58,  73,  55 

63 

0.2 

V,  XIV 

92,  75 

84 

0.4 

XIX 

83 

83 

fore,  decided  to  see  if  the  relationship  of  graded  doses  of  pregnant 
rabbit  serum  to  percentile  response  was  similar  to  that  of  relaxin 
obtained  from  luteal  tissue.  Serum  obtained  from  6  rabbits  during  late 
pregnancy  was  assayed  on  19  groups  of  guinea*  pigs  at  6  different 
dosage  levels  ranging  from  0.025  to  0.4  cc.  (table  1).  The  data  from 
these  assays,  plotted  as  a  curve,  are  shown  in  figure  1.  The  relation¬ 
ship  between  the  per  cent  positive  response  and  dosage  gives  a  sig¬ 
moid  type  of  curve  similar  to  that  described  for  relaxin  obtained  from 
luteal  tissue.  It  was  clear,  therefore,  that  the  relaxative  agent  in  blood 
could  he  assayed  quantitatively  in  the  same  manner  as  luteal  relaxin. 

Using  this  method,  the  amount  of  relaxin  in  the  blood  as  a  func- 
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Fia.  1.  Percentage  of  guinea  pigs  showing  relaxation  of  the  symphysis  pubis  fol¬ 
lowing  one  injection  of  blood  serum  taken  from  rabbits  about  the  27th  day  of  preg¬ 
nancy. 

tion  of  the  length  of  pregnancy  was  studied.  It  will  be  seen  (table  2) 
that  relaxin  appeared  in  the'  blood  as  early  as  the  third  day  of  preg¬ 
nancy.  Its  concentration  at  this  time  was  comparatively  low,  only 
0.2  GPU  per  cc.,  and  remained  at  this  level  until  about  the  12th  day. 
Between  the  12th  and  24th  day,  the  concentration  increased  almost 
50-fold,  with  the  greatest  increase  occurring  between  the  15th  and 
21st  day.  Between  the  21st  and  24th  day  a  plateau  was  reached  (10 
units  per  cc.  of  serum)  and  maintained  for  the  remainder  of  pregnancy. 


Table  2.  Concentration  of  relaxin  in  the  serum  of  rabbits  during  pregnancy. 
Data  obtained  from  7  animals 


Days 

After 

Mating 

Dose 

Injected 

Number  of 
Guinea 

Pigs 

Positive 

Response 

Guinea  Pig 
Units  per 
cc. 

cc. 

% 

3 

5.0 

7 

70 

0.2 

9 

5.0 

8 

50 

.  0.2 

12 

2.5 

13 

62 

0.4 

15 

1.0 

10 

70 

1.0 

15 

0.5 

12 

58 

2.0 

18 

0.25 

10 

70 

4.0 

18 

0.25 

12 

75 

4.0 

21 

0.13 

12 

83 

8.0 

23 

0.1 

23 

35 

5.0 

24 

0.1 

12 

92 

10.0 

26 

0.1 

11 

73 

10.0 

27 

0.1 

12 

58 

10.0 

27 

0.05 

12 

33 

10.0 

30 

0.1 

12 

67  , 

10.0 
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After  parturition,  there  was  a  precipitous  decrease  in  the  con¬ 
centration  of  relaxin  in  the  blood  (fig.  2  and  table  3).  Within  6  hours 


Table  3.  Concentration  of  relaxin  in  the  serum  of  rabbits  following 
PARTURITION.  DaTA  OBTAINED  FROM  3  ANIMALS 


Hours  After 
Parturition 

Dose 

Injected 

Number  of 
Guinea  Pigs 

Positive 

Response- 

GPU 
per  cc 

cc. 

•  % 

6 

0.25, 

12 

33 

2.0 

12 

1.0 

11 

36 

0.5 

24 

2.5 

10 

70 

0.4 

48 

5.0 

11 

64 

0.2 

72  ±6 

5.0 

12 

17 

(0.04) 

insignificant 

it  dropped  to  one-fifth  of  its  former  level  and  continued  to  decrease 
until  the  3rd  day,  at  which  time  doses  of  5  cc.  of  serum  gave  an  in¬ 
significant  response. 

The  quantitative  variation  of  relaxin  in  the  blood  serum  can  be 
expressed  more  clearly  by  plotting  its  concentration  as  a  function  of 
time  after  mating  (fig.  2).  The  length  of  pregnancy  was  considered 


Fig.  2.  Relationship  between  the  amount  of  relaxin  in  the  blood  serum  of  rabbits 
and  the  stage  of  gestation.  Parturition  (P)  occurred  32  days  after  mating. 


as  32  days  and  the  results  for  pregnancy  and  the  postpartum  period 
have  been  combined.  Each  point  on  the  curve  represents  the  calcu¬ 
lated  amount  of  relaxin  in  1  cc  of  serum  from  an  individual  rabbit 
on  that  particular  day.  No  attempt  has  been  made  to  treat  these 
figures  statistically  since  such  an  analysis  would  require  many  more 
data  than  we  have  at  the  present  time. 

A  few  preliminary  observations  were  made  on  the  presence  of 
relaxin  in  24-hour  samples  of  urine  from  pregnant  rabbits  (table  4). 
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The  volume  of  these  samples  varied  greatly  from  day  to  day  because 
the  rabbit,  especially  during  the  latter  stages  of  pregnancy,  retains 
urine  for  rather  long  intervals.  Therefore,  it  was  thought  best  to  de¬ 
termine  the  relaxin  content  of  urine  on  the  basis  of  guinea  pig  units 
per  100  cc.  Although  these  few  data  can  be  considered  quantitative 
only  in  a  general  sense,  they  indicate  that  the  output  of  the  hormone 


Table  4.  Concentration  of  relaxin  in  the  urine  of  pregnant  rabbits. 
Data  obtained  from  4  animals 


Days 

After 

Mating 

Dose 

Injected 

Number  of 
Guinea  Pigs 

Positive 

Response 

GPU  per 

100  cc. 

Urine 

cc. 

% 

5 

6 

12 

50 

20 

5 

5 

10 

60 

20 

9 

5 

9 

66 

20 

12 

3 

10 

70 

34 

13 

2 

12 

33 

25 

18 

1 

12 

25 

50 

18 

2 

10 

50 

50 

23 

1 

10 

30 

50 

in  the  urine  probably  follows  a  curve  similar  to  that  obtained  for 
blood  during  pregnancy. 

DISCUSSION 

These  observations  show  conclusively  that  a  substance  capable  of 
relaxing  the  pelvic  ligaments  of  the  guinea  pig  is  present  in  the  blood 
of  pregnant  rabbits  throughout  the  period  of  gestation.  Whether  this 
substance  is  identical  with  that  obtained  from  corpora  lutea  of  the 
sow  is  an  open  question.  However,  Fevold,  Hisaw  and  Meyer  (1930) 
state  that  relaxin  as  found  in  blood  and  other  tissues  can  be  extracted 
and  purified  by  essentially  the  same  chemical  procedures.  This  would 
indicate  that  relaxins  from  corpora  lutea  and  blood  serum  are  chemi¬ 
cally  quite  similar  but  such  evidence  is  not  sufficient  to  preclude  the 
possibility  that  there  may  be  points  of  difference. 

From  a  pharmacological  viewpoint,  if  the  assay  method  as  de¬ 
veloped  for  luteal  relaxin  is  used  to  measure  blood  relaxin,  it  first  had 
to  be  shown  that  the  two  agents  behaved  quantitatively  alike.  The 
proof  that  they  do  is  seen  in  the  types  of  curves  obtained  when  per¬ 
centile  response  is  plotted  against  dosage.  The  same  increment  in 
dosage  produces  the  same  effect  on  the  response  in  each  case,  and  the 
curvds  are  roughly  superimposable.  This  clearly  shows  that  relaxin 
in  the  blood  serum  can  be  assayed  in  exactly  the  same  manner  as  that 
described  for  relaxin  from  luteal  tissue. 

The  relationship  between  the  stages  of  gestation  and  the  concentra¬ 
tion  of  relaxin  in  the  serum  is  of  interest  in  that  the  amount  of  relaxin 
remains  constant  (0.2  gpu  per  cc.)  for  the  first  9  or  10  days  of  preg¬ 
nancy,  which  corresponds  roughly  to  the  pseudopregnant  period  of 
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the  rabbit.  With  the  advent  of  the  placental  phase  of  gestation, 
however,  there  is  a  remarkable  increase  in  the  relaxin  content.  More¬ 
over,  the  interval  during  which  the  concentration  of  relaxin  rises 
most  rapidly,  t.e.,  the  15th  to  the  21st  day,  corresponds  quite  closely 
with  the  period  during  which  the  placenta  undergoes  its  most  rapid 
development  (Mossman,  1926).  The  rapid  drop  in  concentration  oc¬ 
curring  after  parturition  is,  of  course,  coincident  with  the  expulsion 
of  the  placenta  and  the  fetus.  While  it  is  realized  that  a  correlation 
between  morphological  development  and  physiological  activity  in  this 
case  is  yet  to  be  proved,  these  facts  may  well  be  construed  as  indicat¬ 
ing  that  the  placenta  plays  a  significant  r61e  in  the  secretion  of  relaxin 
during  pregnancy. 

Some  evidence  can  be  summoned  to  support  the  contention  that 
the  placenta  does  produce  relaxin,  since  relaxin  has  been  found  in  the 
serum  of  pregnant  rabbits  as  long  as  8  days  following  castration,  but 
not  after  abortion  (Hisaw,  1929).  It  was  also  found  that  extracts  of 
the  maternal  and  fetal  parts  of  the  rabbit  placenta  gave  positive  re¬ 
sponses  when  tested  for  relaxin.  While  amniotic  liquor,  fetal  blood, 
and  extracts  of  the  fetus  produced  erratic  results.  Since  fetal  blood  was 
more  constant  in  its  activity  than  either  extracts  of  the  fetus  or  am¬ 
niotic  fluid,  Hisaw'  concluded  that  the  hormone  was  not  formed  in  the 
body  of  the  embryo.  This  would  indicate  that  the  placenta  is  a  prob¬ 
able  site  for  the  formation  of  relaxin,  but  since  the  placenta  also  con¬ 
tains  maternal  blood  it  is  possible  that  these  extracts  contained 
enough  relaxin  from  this  source  to  give  positive  results. 

Additional  evidence  for  the  r61e  of  the  placenta  in  the  formation 
of  relaxin  was  shown  by  Herrick  (1928)  and  by  Hisaw  (1929),  who  re¬ 
ported  that  the  pelvic  ligaments  of  guinea  pigs,  ovariectomized 
during  the  3rd  or  4th  week  of  pregnancy,  underwent  normal  relaxa¬ 
tion  during  the  remaining  period  of  gestation. 

The  fact  that  the  concentration  of  relaxin  during  the  latter  part 
of  pregnancy  is  50  times  greater  than  that  of  pseudopregnancy  leaves 
little  doubt  that  relaxin  is  essentially  a  hormone  of  gestation.  In  the 
guinea  pig,  relaxin  undoubtedly  effects,  with  estrogen,  a  widening  of 
the  pelvic  canal  for  the  passage  of  relatively  mature  young,  the  birth 
of  which  w  ould  be  impossible  were  relaxation  not  to  occur  (LeGallois, 
1812).  In  the  rabbit,  parturition  is  facilitated  by  relaxation  of  the 
sacro-iliac  articulation  without  separation  at  the  symphysis  pubis. 
This  effect  on  the  connective  tissues  of  the  pelvis  is  the  only  reaction 
in  which  relaxin  is  known  to  take  part  but  it  seems  quite  probable 
that  it  might  also  have  other  functions  during  gestation. 

SUMMARY 

A  standardization  curve  for  relaxin  in  the  blood  of  pregnant  rab¬ 
bits,  showing  the  relationship  of  dosage  to  response,  has  been  pre¬ 
sented.  Blood  serum  taken  from  a  rabbit  about  the  27th  day  of  preg- 
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nancy  contained  one  guinea  pig  unit  (1  gpu)  of  relaxin  in  each  0.1 
cc.  This  is  equivalent  to  the  amount  of  relaxin  obtained  from  1  gm.  of 
fresh  corpora  lutea  of  the  sow. 

Relaxin  was  found  in  the  blood  of  pregnant  rabbits  as  early  as  the 
3rd  day  after  mating.  The  amount  in  the  blood  increased  rapidly  be¬ 
tween  the  12th  and  24th  day,  a  plateau  being  reached  at  the  24th 
day  and  maintained  for  the  remainder  of  pregnancy.  A  very  sharp 
decline  occurred  immediately  after  parturition,  and  the  hormone 
practically  disappeared  from  the  blood  within  3  days. 

Relaxin  was  also  present  in  the  urine  of  pregnant  rabbits  in  which 
it  appeared  to  be  quite  stable  and  readily  assayed.  It  was  found  as 
early  as  the  5th  day  of  pregnancy  and  the  amount  excreted  in  the 
urine  increased  with  the  progress  of  gestation. 

Grateful  acknowledgement  is  made  to  the  Sobering  Corporation,  Bloomfield, 
N.J.  for  the  estradiol  used  in  these  experiments. 
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IMPORTANCE  OF  THE  FEMALE  REPRODUCTIVE 
TRACT  IN  THE  FORMATION  OF  RELAXING 

FREDERICK  L.  HISAW,  M.  X.  ZARROW,  W.  L.  MONEY, 

R.  V.  N.  TALMAGE  and  A.  A.  ABRAMOWITZ 
From  the  Biological  Laboratories,  Harvard  University 
CAMBRIDGE,  MASSACHUSETTS 

The  remarkable  loosening  of  the  pelvic  ligaments  which  occurs 
both  at  the  symphysis  pubis  and  iliosacral  junctions  in  the  pregnant 
guinea  pig  has  been  observed  and  described  by  numerous  investi¬ 
gators.  These  separations  become  so  extensive,  as  pregnancy  pro¬ 
gresses,  that  a  condition  is  attained  in  which  the  two  halves  of  the 
pelvis  can  be  freely  and  independently  manipulated  thus  making 
possible  an  increase  in  the  diameter  of  the  birth  canal.  Hisaw  (1926) 
found  that  pronounced  relaxation  of  the  pelvis  could  be  induced 
experimentally  by  injecting  blood  serum  of  pregnant  rabbits  or 
guinea  pigs  into  normal  virgin  guinea  pigs  during  estrus  or  into 
castrated  female  guinea  pigs  that  had  been  conditioned  with  estrogen. 
The  pelvic  ligaments  usually  showed  marked  relaxation  within  8  to 
12  hours  after  one  injection  of  the  serum. 

The  relaxative  substance  was  found  also  in  the  blood  of  pregnant 
sows,  dogs,  cats  and  mares,  in  extracts  of  the  placentae  of  rabbits 
(Hisaw,  1927,  1929)  and  corpora  lutea  of  the  sow  (Hisaw,  Fevold  and 
Meyer,  1930).  Methods  of  extraction  and  concentration  and  the 
chemical  properties  were  also  studied  by  Fevold,  et  al.,  (1930a,  1930b, 
1932)  and  the  active  agent  was  given  the  name  relaxin. 

The  presence  of  a  relaxative  substance  in  the  blood  of  pregnant 
animals  has  been  confirmed  by  Brouha  and  Simmonet  (1928)  and 
Tapfer  and  Haslhofer  (1935)  for  the  rabbit,  by  Pommerenke  (1934) 
for  women,  and  by  Abramson,  Hurwitt  and  Lesnick  (1937)  for  both 
women  and  rabbits.  Brouha  and  Simmonet  (1928)  and  Abramson, 
et  al.,  (1937)  also  prepared  corpus  luteum  extracts  that  produced 
relaxation  of  the  guinea  pig’s  pelvis. 

Before  the  experiments  reported  in  this  paper  were  undertaken, 
the  original  observations  of  Hisaw  and  co-workers  on  the  serum  of 
pregnant  rabbits  and  simple  extracts  of  the  corpora  lutea  of  the  sow 
were  confirmed.  The  obvious  advantages  of  quantitative  data. were 
recognized  and  consequently  dosage  curves  were  established  for  re- 


Received  for  publication  November  18,  1943. 
*  Assisted  by  a  grant  from  the  Milton  Fund. 


122 


February,  1944  RELAXIN  AND  PELVIC  RELAXATION 


123 


laxin  as  found  in  luteal  extracts  and  blood  serum*  (Abramowitz,  et  ah, 
1944,  Marder  and  Money,  1944).  The  constancy  of  the  reaction  as 
shown  by  these  curves  made  it  possible  to  establish  a  workable 
standardization  unit. 

Other  investigators,  however,  have  obtained  relaxation  of  the 
pelvis  of  the  guinea  pig  by  methods  which,  though  hormonal,  seemed 
to  preclude  the  presence  of  relaxin  thus  throwing  doubt  on  the  exis¬ 
tence  of  such  a  hormone.  De  Fremery,  Kober  and  Tausk  (1931), 
Courrier  (1931),  and  Tapfer  and  Haslhofer  (1935)  produced  pelvic 
relaxation  by  injecting  estrogen,  and  Fels  (1931),  Mohle  (1933), 
Tapfer  and  Haslhofer  (1935)  and  H^terius  and  Fugo  (1939)  obtained 
similar  results  with  combinations  of  estrogen  and  progesterone,  or 
luteal  extracts  which,  judging  from  the  method  of  preparation,  prob¬ 
ably  contained  progesterone. 

It  might  be  helpful  at  this  time,  although  it  is  discussed  later,  to 
point  out  certain  differences  between  the  original  observations  re¬ 
ported  by  Hisaw  and  co-workers  for  relaxin  and  the  results  obtained 
by  those  investigators  who  produced  pelvic  relaxation  in  guinea  pigs 
by  means  of  estrogen  and  progesterone.  One  of  the  most  obvious  dif¬ 
ferences  is  that  of  the  time  required  to  produce  the  reaction.  It  was 
found  that  the  pelvis  of  guinea  pigs  in  estrus  or  castrated  animals, 
prepared  by  a  short  series  of  daily  injections  of  estrogen,  relaxed  about 
8  hours  following  one  injection  of  relaxin.  The  data  of  those  who  pro¬ 
duced  pelvic  relaxation  with  estrogen  or  combinations  of  estrogen  and 
progesterone  show  that  under  such  treatment  the  time  required  to 
induce  relaxation  was  a  matter  of  days,  not  hours.  When  estrogen 
alone  was  given,  even  in  large  daily  doses,  the  pelvis  usually  did  not 
relax  before  10  or  20  days  and  when  progesterone  was  given  to  an 
estrogen-conditioned  animal,  2  to  4  days  were  required. 

There  is  also  a  lack  of  agreement  regarding  the  specific  hormone 
immediately  responsible  for  the  modifications  observed  in  the  pelvic 
ligaments  of  guinea  pigs  that  have  undergone  experimental  relaxa¬ 
tion.  Pelvic  relaxation  can  be  produced  by  estrogen,  progesterone,  and 
a  nonsteroidal  substance  relaxin.  Certain  authors  believe  that  estro¬ 
gen  and  progesterone  or  both  are  directly  responsible  for  the  reaction 
and  express  or  imply  doubt  as  to  the  existence  of  relaxin.  Another 
possibility,  however,  is  that  relaxin  is  the  specific  agent  that  acts  on 
the  connective  tissue  of  the  pelvic  ligaments  and  that  its  formation 
in  the  body  is  induced  by  estrogen  and  progesterone. 

The  confused  situation  regarding  the  physiology  of  pelvic  relaxa¬ 
tion  in  the  guinea  pig,  we  thought,  demanded  clarification  either  by 


*  Serum  reactions  were  encountered  when  large  doses  of  blood  serum  had  to  be 
given  for  assay.  A  guinea  pig  will  tolerate  only  about  5  cc.  of  rabbit  serum.  Some 
animals  in  a  test  group  may  die  and  others  become  quite  ill.  Such  animals  as  a  result 
of  this  illness  offer  little  resistance  when  handled  and  unless  considerable  care  is  taken 
the  symphysis  pubis  may  be  forced  and  thus  lead  to  a  false  positive  result. 
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refutation  of  previous  observations  or  by  reconciliation  of  differences 
on  some  common  ground. 

EXPERIMENTS  AND  RESULTS 

Preliminary  experiments  of  this  investigation  showed  again  be¬ 
yond  question  that  extracts  of  sow  corpora  lutea  and  the  blood  serum 
of  pregnant  rabbits  contained  an  active  substance  or  substances  cap¬ 
able  of  relaxing  the  pelvis  of  an  estrogen-conditioned  guinea  pig. 
These  observations  were  well  established  but  the  question  as  to 
whether  this  reaction  was  a  function  of  estrogen,  progesterone,  a 
combination  of  these  two  hormones  or  was  mediated  by  a  specific 
substance,  relaxin,  remained  unclarified. 

The  preparations  of  relaxin  used  in  these  experiments  were  ob¬ 
tained  from  luteal  tissue  of  the  sow  which  had  been  previously  ex¬ 
tracted  with  neutral  methanol.  In  fact,  this  material  was  a  residue 
from  which  progesterone,  and  presumably  estrogen,  had  been  removed 
in  a  manufacturing  process.  Thus,  from  the  very  first,  the  presence 
of  such  fat-soluble  hormones  seems  to  have  been  precluded.  This 
was  confirmed  by  the  failure  of  our  preparations  to  produce  vaginal 
cornification  in  castrated  rats  (120  gpu  120  gm.  eq.)  and  progesta¬ 
tional  modification  of  the  uterus  of  rabbits  castrated  in  estrus  (500 
GPU  500  gm.  eq.),  (Abramowitz,  et  al.,  1944). 

Although  the  preparations  of  relaxin  used  in  these  experiments  did 
not  contain  either  progesterone  or  estrogen  it  is  nevertheless  true  that 
progesterone  will  bring  about  relaxation  of  the  pelvic  ligaments  of  a 
guinea  pig  when  given  to  an  estrogen-conditioned  animal  or  when 
injected  concurrently  with  estrogen.  Such  observations  have  been 
made  by  Fels  (1931);  de  Fremery,  Kober  and  Tausk  (1931);  Mohle 
(1933);  Tapfer  and  Haslhofer  (1935);  and  Haterius  and  Fugo  (1939). 

Results  of  experiments  devised  to  test  the  action  of  progesterone 
are  tabulated  in  table  1.  Castrated,  virgin  female  guinea  pigs  weighing 
between  350  and  800  gm.  were  used  in  groups  of  12  animals  each. 
Each  group  was  conditioned  by  a  daily  injection  of  estrogen  on  4 
consecutive  days  and  the  progesterone  was  given  in  one  dose  on  the 
fifth  day.  The  progesterone  was  given  in  this  way  so  that  it  would  be 
possible  to  estimate  more  nearly  the  length  of  time  the  animals  were 
under  the  influence  of  progesterone  before  relaxation  of  the  pelvis 
occurred  and  also  to  estimate  the  time  required  for  the  pelvis  to  return 
to  its  normal  condition.  This  procedure  also  provided  a  method  for 
comparing  these  results  with  those  for  relaxin  and  serum  of  pregnant 
rabbits.  The  data  are  recorded  in  terms  of  per  cent  positive  responses. 

The  pelvic  ligaments  of  animals  pretreated  with  0.83  Mg.  of  es- 
-  tradiol  daily  for  4  days  did  not  respond  when  given  either  1  or  5  mg. 
of  progesterone.  This  amount  of  estradiol  was  the  same  as  that  used 
routinely  in  the  standardization  of  relaxin  and  the  serum  of  pregnant 
rabbits.  However,  the  data  of  those  investigators  who  reported  con- 
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sistently  positive  results  with  progesterone  show  that  the  daily  dose 
of  estrogen  for  their  pretreatment  period  was  usually  either  much 
larger  than  0.83  Mg*  of  estradiol  or  was  given  for  a  longer  period  than 
4  days.  Consequently,  two  groups  of  animals  were  given  250  Mg*  of 
estradiol  daily  for  the  4-day  period  and  injected  with  5  and  10  mg. 
of  progesterone,  respectively,  while  a  control  group  received  only  the 
estrogen  (table  1).  Relaxation  of  the  pelvis  was  observed  first  on  the 
72nd  hour  in  those  given  10  mg.  of  progesterone  and  the  reaction, 
based  on  the  per  cent  of  positive  responses,  reached  its  greatest  height 
in  both  groups  by  the  96th  hour  while  the  pelvis  of  none  of  those  in 


Table  1.  Effect  of  progesterone,  relaxin,  and  pregnant  rabbit’s  serum  on 
PELVIC  RELAXATION  IN  CASTRATED  AND  CASTRATED-HYSTERECTOMIZED  GUINEA  PIGS 


Guinea 

Pigs 

Estradiol 

Pretreatment 

4  Days 

Single  Dose 
on  5th  Day 

Per  cent  of  Animals  Showing  Pelvic  Relaxation 
Hours  After  Treatment 

6 

12 

24 

48 

72 

96 

120  1 

144 

168 

192 

216 

Castrated 

HQ.  • 

0.83 

1  mg.  prog. 

0 

0 

0 

0 

0 

0 

1 

1 

Castrated 

0.83 

5  mg.  prog. 

0 

0 

0 

0 

0 

0 

Castrated 

2S0 

0 

0 

0 

0 

0 

0 

0 

Castrated 

250 

6  mg.  prog. 

0 

0 

0 

0 

0 

42 

18 

25 

8 

8 

0 

Castrated 

250 

10  mg.  prog. 

0 

0 

0 

0 

18 

67 

50 

18 

0 

0 

Castrated 

0.83 

0.1  cc.  PRS.» 

50 

17 

0 

Castrated  and 

hysterectomi  zed 

0.83 

0.1  cc.  PRS 

57 

50 

0 

Castrated  and 

hysterectomized 

0.83 

1  GPU  relaxin 

58 

25 

0 

Castrated  and 

hysterectomised 

250 

10  mg.  prog. 

0 

0 

0 

0 

0 

0 

0 

0 

Castrated  and 

hysterectomised 

250 

20  mg.  prog. 

0 

0 

0 

0 

0 

0 

0 

0 

Castrated  and 

i 

hysterectomised 

250 

0 

0 

0 

0 

0 

0 

0 

0 

>  PRS  .«pregnant  rabbit  serum. 


the  control  group  receiving  estrogen  alone  relaxed.  It  should  also  be 
noted  that  the  normal  condition  of  the  pelvis  was  not  restored  in  some 
animals  until  the  144th  to  192nd  hour. 

When  the  results  of  these  experiments  with  progesterone  were 
compared  with  those  in  which  relaxin  or  serum  of  pregnant  rabbits 
was  used  certain  rather  interesting  differences  were  found.  The  maxi¬ 
mal  response  to  progesterone  was  attained  by  about  the  96th  horn- 
while  the  time  required  for  response  to  relaxin  or  blood  serum  was  only 
about  6  hours.  There  was  also  a  marked  difference  in  the  duration  of 
the  response  (table  2).  The  average  length  of  time  during  which  the 
pelvic  ligaments  remained  relaxed  in  guinea  pigs  given  5  and  10  mg. 
of  progesterone  was  41  hours  (range  24  to  120  hours)  and  48  hours 
(range  24  to  96  hours),  respectively.  That  the  relaxative  action  was 
only  moderate  was  shown  by  the  fact  that  5  mg.  produced  pelvic 
relaxation  in  only  42  per  cent  of  the  animals  while  10  mg.  gave  a  67 
per  cent  response.  This  latter  response  was  comparable  to  that  pro¬ 
duced  by  1  unit  of  relaxin  or  0.1  cc.  of  pregnant-rabbit  serum  (table  2) 
but  with  these  substances,  the  maximal  response  occurred  by  the  6th 
hour  and  the  average  duration  of  the  effect  was  12  hours  (range  6  to 
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18  hours).  Even  when  the  pelvis  in  all  of  the  animals  of  a  group  was 
relaxed  by  giving  2  units  of  relaxin,  the  average  period  of  recovery 
was  only  15  hours  (range  6  to  48  hours). 

These  results  alone  strongly  indicate  that  progesterone  can  not  be 
identical  with  the  relaxative  agent  found  in  the  serum  of  pregnant 
rabbits  or  even  in  crude  extracts  of  the  corpora  lutea  of  the  sow.  Not 
only  do  the  time  relationships  of  the  reactions  differ  but  also  the 
quantitative  potency  of  the  preparations  is  not  in  agreement  with  the 
hormonal  content  of  luteal  tissue  and  the  serum  of  pregnant  rabbits. 


Table  2.  Duration  of  pelvic  relaxation  of  the  symphysis  pubis  of  quinea  pigs 


Preparation 

Injected 

Dosage 

Per  cent  of  Animals  Showing  Pelvic  Relaxation 
Hours  After  Treatment 

Average 

Duration 

of 

Relaxation' 

6 

12 

24  1 

48 

72 

o 

m 

on 

im 

hr. 

Relaxin  R4 

1  GPU 

60 

40 

0 

12(6-18) 

Relaxin  R5 

2  GPU 

100 

60 

0 

15(6-48) 

Pregnant 

O.I  cc. 

63 

43 

0 

12(6-18) 

rabbit  serum 

Pseudopregnant 

5.0  cc. 

67 

29 

12(6-18) 

rabbit  serum 

Progesterone- 

6.0  cc. 

67 

33 

12(6-18) 

treated  rabbit 

serum 

Progesterone 

5  mg. 

0 

0 

8 

8 

0 

41(24-120) 

Progesterone 

10  mg. 

■1 

m 

0 

0 

48(24-96) 

‘  The  everage  duration  of  relaxation  was  estimated  from  data  on  individual  munea  pigs.  It  includes  the 
period  from  the  first  appearance  of  the  reaction  until  the  original  condition  of  the  pelvic  ligaments  was  restored. 


One  unit  of  relaxin  can  be  obtained  from  1  gm.  of  fresh  corpus  luteum 
tissue  of  the  sow’  and,  under  the  conditions  of  the  present  experiments, 
is  at  least  as  effective  as  10  mg.  of  progesterone  which,  if  obtained 
from  the  same  source,  would  require  the  extraction  of  about  500  to 
750  gm.  of  luteal  tissue.  Likewise,  the  amount  of  progesterone  con¬ 
tained  in  0.1  cc.  of  blood  serum  from  a  pregnant  rabbit  must  be  very 
small  yet  it  contains  activity  equivalent  to  1  unit  of  relaxin.  It  is 
obvious  that  these  differences  must  be  resolved  on  some  basis  other 
than  that  of  identity  of  hormones. 

A  plausible  probability  is  that  progesterone,  through  its  action  on 
some  other  organ,  brings  about  the  formation  of  relaxin  and  thus  in¬ 
directly  produces  relaxation  of  the  pelvic  ligaments.  This  would 
account  for  both  the  delayed  response  and  the  duration  of  the  effect 
when  relaxation  is  produced  by  progesterone.  The  fact  that  proges¬ 
terone  is  primarily  a  hormone  of  pregnancy  and  the  additional  fact 
that  the  blood  of  pregnant  rabbits  is  such  a  rich' source  for  relaxin 
suggests  the  uterus  and  fetal  membranes  as  possible  points  of  origin 
of  the  relaxative  agent.  The  presence  of  relaxin  in  the  placentae  of 
rabbits  (Hisaw,  1929)  and  in  the  blood  of  pseudopregnant  rabbits 
•  (Tapfer  and  Haslhofer,  1935)  also  supports  this  supposition. 

Such  reasoning  led  to  experiments  on  castrated,  hysterectomized 
guinea  pigs.  These  animals  responded  as  well  to  1  unit  of  relaxin  or 
0.1  cc.  of  pregnant  rabbit  serum  as  those  in  which  the  uterus  was 
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present,  thus  showing  that  hysterectomy  had  no  influence  on  the 
response  to  these  substances  (table  1).  However,  when  the  experi¬ 
ments  with  progesterone  were  repeated  on  two  groups  of  hysterec¬ 
tomized  guinea  pigs,  the  pelvis  of  none  relaxed  even  when  20  mg.  of 
progesterone  w'as  given  (table  1).  Furthermore,  no  pelvic  relaxation 
occurred  in  a  control  group  of  hysterectomized  animals  given  only 
estrogen.  The  fact  that  the  injection  of  progesterone  was  followed  by 
a  42  and  67  per  cent  response,  respectively,  in  two  groups  having 
uteri  and  that  hysterectomy  did  not  prevent  or  modify  the  reaction 
of  the  pelvic  ligaments  to  injected  relaxin  indicated  that  the  failure 
of  progesterone  to  elicit  relaxation  in  the  absence  of  the  uterus  was 
due  to  a  lack  of  relaxin. 

Although  these  experiments  demonstrated  the  importance  of  the 
uterus  for  the  relaxative  reaction  in  response  to  progesterone  they  did 
not  show  conclusively  that  the  formation  of  relaxin  was  actually  as¬ 
sociated  with  the  action  of  progesterone.  This  question  was  examined 
by  studying  the  conditions  under  which  relaxin  appeared  in  the  blood 
serum  of  rabbits.  Rabbits  were  used  because  considerable  quantita¬ 
tive  data  already  had  been  accumulated  on  the  concentration  of 
relaxin  in  their  blood  (Marder  and  Money,  1944)  and  they  offered 
the  additional  advantage  over  guinea  pigs  in  that  sufficient  blood 
serum  could  be  obtained  from  one  animal  to  make  a  test  for  relaxin 
on  a  group  of  12  or  more  guinea  pigs. 

It  was  found  that  on  the  9th  day  of  pseudopregnancy,  induced  by 
experimental  ovulation,  5  cc.  of  serum  gave  a  response,  when  tested 
on  guinea  pigs,  equivalent  to  1  unit  of  relaxin  (table  3,  sera  9,  10,  15). 
This  was  of  the  same  potency  as  serum  on  the  9th  day  of  normal 
pregnancy,  but  only  one-fiftieth  as  active  as  serum  taken  on  the  27th 
day  of  pregnancy  (Harder  and  Money,  1944). 

It  was  also  found  that  a  concentration  of  relaxin  in  the  blood  serum 
equivalent  to  that  of  the  9th  day  of  pseudopregnancy  or  pregnancy 
could  be  brought  about  in  rabbits  by  injecting  progesterone.®  Ap¬ 
proximately  1  unit  of  activity  was  contained  in  each  5  cc.  of  serum 
from  3  rabbits  that  had  been  castrated  in  estrus  and  given  5  mg.  of 
progesterone  daily  and  killed  on  the  10th  day  (table  3,  serum  2).  It 
was  also  found  that  smaller  doses  of  progesterone  could  produce  sera 
of  weaker  potency  in  a  shorter  time  than  9  days.  This  was  shown  by 
the  sera  of  3  rabbits  (sera  19,  27,  and  37,  table  3)  that  had  received  1 
mg.  of  progesterone  daily  for  5  days  and  the  sera  of  3  others  (sera  22, 
28,  and  35,  table  3)  that  had  been  given  0.5  mg.  daily  for  a  like  period. 
In  sharp  contrast  with  these  results,  the  serum  of  4  castrated  male 


*  Dr.  Alfred  Gellhorn,  Carnegie  Institution  of  Washington,  Baltimore,  Md.,  previ¬ 
ous  to  these  experiments,  had  reported  by  personal  communication  that  administration 
of  progesterone  to  rabbits  caused  the  appearance  in  the  blood  of  a  substance  able  to 
relax  the  symphysis  pubis  of  guinea  pigs.  He  could  not  find  any  evidence  of  progesterone 
itself  in  the  blood  serum  of  these  rabbits. 
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rabbits  (serum  7)  which  had  been  pretreated  with  1.66  fig.  of  estradiol 
daily  for  5  days  and  given  5  mg.  of  progesterone  daily  for  9  days  was 
inactive. 

The  negative  results  for  the  castrated  male  rabbits  again  indicated 
the  probable  importance  of  the  female  reproductive  tract  in  the  forma- 


Table  3.  Relaxative  effect  of  5  cc.  of  sera  of  rabbits  treated  with  estradiol 

AND  PROGESTERONE 


Serum 

No. 

Rabbits 

No.  of 
Ani¬ 
mals 
Used 

Estradiol 

Treatment 

Progesterone 

Treatment 

No.  of 
Guinea 
Pigs 

Response 
at  6 
Hours 

ma.Iday  days 

% 

9 

pseudopregnant 

1 

7 

57 

9  days 

10 

pseudopregnant 

1 

12 

50 

9  days 

15 

pseudopregnant 

1 

12 

58 

9  days 

16 

pseudopregnant 

7‘ 

100 

9  days 

■■ 

2 

9 

castrated 

5 

9 

11 

45 

7 

cf 

castrated 

1.66 

5 

5 

9 

9 

0 

22 

9 

castrated 

■■ 

1.66 

5 

0.5 

5 

11 

18 

28 

9 

castrated 

■■ 

1.66 

5 

0.5 

5 

70 

35 

9 

castrated 

1 

3.3 

6 

0.5 

5 

14 

50 

19 

9 

castrated 

1 

1.66 

5 

1 

5 

5 

40 

27 

9 

castrated 

1 

1.66 

5 

1 

5 

6 

33 

37 

9 

castrated 

1 

3.3 

6 

1 

5 

10 

30 

5 

9 

castrated 

1 

1.66 

5 

5 

9 

0 

hysterectomized 

11 

9 

castrated 

3 

1.66 

5 

5 

9 

0 

hysterectomized 

4 

9 

castrated 

1 

1.66 

14 

5 

9* 

0 

hysterectomized 

32 

9 

castrated 

1 

3.3 

10 

25 

40 

9 

castrated 

1 

3.3 

10 

36 

29 

9 

castrated 

1 

98 

21 

5 

20 

39 

9 

castrated 

1 

98 

21 

9 

0 

43 

9 

castrated 

1 

3.3 

10 

0 

hysterectomized 

42 

d' 

castrated 

1 

3.3 

10 

0 

38 

d 

castrated 

1 

49.8 

10 

■1 

0 

*  Serum  dosage  10  cc.  instead  of  the  5  cc.  used  in  rest  of  experiments. 

*  For  last  9  days  of  estradiol  treatment. 


tion  of  relaxin  but  the  data  for  experiments  on  castrated,  hysterec¬ 
tomized  females  were  even  more  convincing.  Four  such  animals  (table 
3,  sera  5  and  11)  were  pretreated  with  1.66  Mg*  of.  estradiol  daily  for 
five  days  and  continued  on  5  mg.  of  progesterone  daily  for  9  days.  A 
fifth  animal  (serum  4)  was  given  similar  treatment  with  the  variation 
that  the  estrogen  and  progesterone  were  injected  concurrently.  These 
sera  were  tested  on  25  guinea  pigs  and  pelvic  relaxation  was  observed 
in  only  one  animal.  The  fact  that,  in  this  one  exception,  relaxation 
did  not  occur  until  the  12th  hour,  in  contrast  with  the  6th  as  charac- 
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teristic  for  relaxin  and  sera  of,pregnant  and  pseudopregnant  rabbits, 
strongly  indicates  a  false-positive  response. 

These  observations  indicate  that  progesterone  brings  about  relaxa¬ 
tion  indirectly  by  causing  the  formation  of  relaxin  and  that  the  female 
reproductive  tract  is  indispensable  for  the  reaction.  They  also  suggest 
that  the  difference  between  the  6-hour  response  to  relaxin  and  the  72 
to  96-hour  response  to  progesterone  represents  the  time  required  for 
progesterone  to  stimulate  relaxin  production.  This  aspect  of  the  prob¬ 
lem  was  investigated  by  determining  the  time  at  which  relaxin  ap¬ 
peared  in  the  blood  of  rabbits  following  an  injection  of  progesterone. 

Table  4.  Relaxative  effect  of  sera  of  castrated  female  rabbits,  fretreated 
WITH  estradiol  AND  GIVEN  ONE  DOSE  OF  PROGESTERONE 


Sera 

No. 

Treatment  of  Rabbits* 

Serum 

Dosage 

No.  of 
Guinea 
Pigs 
Used 

Response 

6  Hours 

Estradiol 

Proges¬ 

terone 

Time 

Killed* 

lig.lday 

days 

mg. 

hr. 

cc. 

% 

30 

3.3 

6 

10 

48 

5 

16 

0 

12 

1.66 

5 

10 

96 

5 

9 

11 

31 

3.3 

6 

10 

96 

5 

11 

0 

41 

3.3 

6 

20 

36 

5 

14 

14 

17 

1.66 

5 

20 

48 

5 

6 

0 

20 

1.66 

5 

20 

48 

5 

9 

44 

26 

1.66 

5 

20  • 

48 

5 

12 

50 

33 

3.3 

6 

20 

48 

5 

13 

39 

18 

1.66 

5 

20 

96 

5 

9 

33 

21 

1.66 

5 

20 

96 

5 

12 

33 

36 

3.3 

6 

20 

96 

5 

16 

12 

One  rabbit  was  used  in  each  experiment. 
'  After  injection  of  progesterone. 


Castrated  female  rabbits,  after  receiving  5  daily  injections  of  1.66 
or  3.3  Mg-  of  estradiol,  were  given  one  injection  of  progesterone,  and 
killed  by  bleeding  36, 48  and  96  hours  later.  Tests  were  made  on  guinea 
pigs  for  the  presence  of  relaxin  in  the  blood  serum  as  previously  de¬ 
scribed.  The  serum  of  one  animal  (table  4,  serum  30)  which  was  given 
10  mg.  of  progesterone  and  killed  on  the  48th  hour  failed  to  produce 
pelvic  relaxation  when  tested  on  16  guinea  pigs.  Serum  of  1  of  2  rab¬ 
bits  (serum  12)  given  the  same  treatment  but  killed  96  hours  after  the 
progesterone  was  injected  showed  slight  activity  while  the  others 
(serum  31).  produced  no  response  in  a  group  of  11  guinea  pigs.  In 
another  series  of  experiments  the  dosage  of  progesterone  was  in¬ 
creased  to  20  mg.  The  serum  of  one  animal  (serum  41)  given  such 
treatment  and  killed  on  the  36th  hour  contained  very  little  activity 
while  the  sera  of  3  of  4  others  (sera  17,  20,  26,  33)  killed  on  the  48th 
hour  showed  definite  activity.  Similar  results  were  obtained  for  3 
rabbits  killed  on  the  96th  hour  (sera  18,  21,  36). 

f 
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These  results  demonstrate  conclusively  that  relaxin  may  appear 
in  the  blood  of  rabbits  by  the  48th  hour  following  the  injection  of  pro¬ 
gesterone  and  apparently  is  continuously  present  until  the  96th  hour. 
This  was  particularly  true  when  20  mg.  of  progesterone  was  given  and 
was  less  likely  in  animals  given  10  mg.  The  length  of  time  intervening 
between  the  injection  of  progesterone  and  the  appearance  of  relaxin 
in  the  blood  of  rabbits  was  in  general  agreement  with  that  intervening 
between  progesterone  treatment  and  relaxation  of  the  pelvic  ligaments 
in  guinea  pigs.  Also  the  fact  that  relaxin  was  apparently  present  in 
the  blood  of  rabbits  for  at  least  48  hours  following  its  appearance  as 
a  result  of  progesterone  treatment  probably  explains  the  longer  dura¬ 
tion  of  pelvic  relaxation  in  guinea  pigs  w^hen  progesterone  was  given 
than  when  relaxin  was  injected  (table  2).  These  data  also  support  the 
supposition  that  progesterone  produces  relaxation  indirectly  as  in¬ 
dicated  by  the  experiments  on  hysterectomized  rabbits  and  guinea 
pigs. 

A  rather  interesting  additional  observation  is  the  lack  of  correla¬ 
tion  between  the  presence  of  relaxin  in  the  blood  and  the  progesta¬ 
tional  condition  of  the  uterus.  The  uteri  of  rabbits  given  20  mg.  of 
progesterone  in  one  injection  showed  no  progestational  modification 
on  the  48th  hour  yet  the  blood  of  3  of  4  animals  contained  consider¬ 
able  relaxin.  One  animal  given  10  mg.  showed  no  uterine  changes 
histologically  nor  did  the  blood  contain  relaxin  on  the  48th  hour  while 
the  uterus  of  one  given  the  same  treatment  had  a  +  +  progestational 
reaction  in  the  uterus  on  the  96th  hour  but  the  blood  was  negative  for 
relaxin  content.  It  seems  that  at  least  the  gross,  morphological  modi¬ 
fications  of  the  endometrium  produced  by  progesterone  are  not  re¬ 
lated  necessarily  to  the  formation  of  relaxin. 

Another  problem  that  received  attention  was  the  probability  that 
pelvic  relaxation  when  induced  by  estrogen  may  also  be  associated 
with  the  formation  of  relaxin.  The  sera  of  2  castrated  female  rabbits 
(table  3,  sera  32,  40)  that  had  been  given  3.3  jug*  of  estradiol  daily  for 
10  days  gave  unquestionably  positive  results  while  the  serum  of  one 
of  two  others  that  had  received  98  ng.  of  estradiol  daily  for  21  days 
was  negative  (sera  29, 39).  However,  no  relaxin  was  found  in  the  serum 
of  a  castrated  hysterectomized  rabbit  (serum  43)  treated  with  3.3  ng. 
of  estradiol  daily  for  10  days  nor  in  the  sera  of  2  castrated  male  rab¬ 
bits  (sera  42,  38)  receiving  3.3  and  49.8  ng.  of  estradiol,  respectively, 
for  a  like  period.  These  results  not  only  showed  that  estradiol  could 
induce  the  formation  of  relaxin  in  rabbits  but  also  again  emphasized 
the  importance  of  the  female  reproductive  tract. 

DISCUSSION 

This  paper  presents  the  results  of  an  attempt  to  resolve  certain 
conflicting  opinions  as  to  the  existence  of  a  specific  relaxative  agent. 
Chief  among  these  is  the  notion  that  since  estrogen  and  progesterone 
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will  induce  pelvic  relaxation  one  need  not  “postulate”  the  existence  of 
an  additional  hormone.  Not  only  is  this  an  obviously  questionable 
deduction  but  it  also  ignores  the  stated  chemical  properties  of  relaxin 
which  clearly  differentiate  it  from  the  steroid  hormones.  The  con¬ 
fusion  has  been  contributed  almost  entirely  by  those  investigators  w'ho 
studied  only  the  effects  of  estrogen  and  progesterone  and  who  did  not 
attempt  to  make  preparations  of  relaxin  or  investigate  the  relaxative 
properties  of  the  blood  of  pregnant  rabbits.  However,  there  seems  to 
be  general  agreement  that  normal  pelvic  relaxation  as  seen  in  the 
pregnant  guinea  pig  is  under  hormonal  control. 

The  present  investigation  in  addition  to  confirming  the  basic  find¬ 
ings  of  previous  work,  brings  out  more  clearly  the  parts  played  by 
estrogen,  progesterone,  and  relaxin  in  pelvic  relaxation  in  the  guinea 
pig.  The  data  indicate  that  relaxin  acts  directly  on  the  pelvic  liga¬ 
ments  while  progesterone  produces  the  same  effect  indirectly  by 
bringing  about  the  formation  of  relaxin  by  the  female  reproductive 
tract.  The  end  result,  of  course,  is  essentially  the  same  in  both  in¬ 
stances  in  that  it  is  relaxin  that  is  responsible  for  the  response.  There 
seems  no  reason  to  doubt  that  estrogen  greatly  facilitates  the  action 
of  relaxin.  A  unit  of  relaxin  has  no  detectable  effect  on  the  pelvis  of 
a  castrated  female  guinea  pig  unless  the  animal  has  been  conditioned 
with  estrogen.  In  fact,  such  animals  will  not  respond  to  50  units  of 
relaxin.  On  the  other  hand,  guinea  pigs  that  have  been  pretreated  with 
estrogen  remain  responsive  to  relaxin  for  a  surprisingly  long  time. 
Animals  given  0.83  ng.  of  estradiol  daily  for  4  days  will  respond  to  one 
unit  of  relaxin  on  the  fifth  day  and  such  animals  will  also  respond  a 
week  later  to  50  units.  These  observations  indicate  that  a  dosage  rela¬ 
tionship  between  estradiol  and  relaxin  exists  but  additional  data  must 
be  had  to  establish  it. 

Estrogen  not  only  aids  the  action  of  relaxin  but  several  investi¬ 
gators  have  found  that  it  alone  will  produce  pelvic  relaxation  in  cas¬ 
trated  guinea  pigs.  Pelvic  relaxation  by  this  procedure  usually  re¬ 
quires  large  doses  of  estrogen  and  prolonged  treatment  which  is  quite 
different  from  that  described  for  relaxin  or  even  progesterone.  Dessau 
(1935),  among  those  who  produced  relaxation  with  estrogen  and 
progesterone,  seems  to  be  the  only  one  who  appreciated  this  fact.  The 
problem  is  complicated  by  the  fact  that  estrogen  acts  directly  on  the 
pelvis  (Hisaw,  1929;  Gardner,  1936),  bringing  about  marked  changes 
involving  bone  resorption  and  connective  tissue  formation.  Also  re¬ 
laxin  appears  in  the  blood  of  castrated  female  rabbits  in  response  to 
injections  of  estrogen  but  not  in  hysterectomized  females  or  castrated 
males.  Thus  it  seems  quite  probable  that  relaxin  also  might  be  present 
and  take  part  when  the  guinea  pig  pelvis  is  relaxed  with  estrogen. 

The  relation  of  estrogen  to  pelvic  relaxation  following  the  injection 
of  progesterone  seems  more  complicated  than  that  just  discussed  for 
estrogen  and  relaxin.  Guinea  pigs  given  0.83  ng.  of  estradiol  daily 
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for  4  days  do  not  respond  to  5  mg.  of  progesterone  but  will  do  so  if 
250  Mg-  of  estradiol  is  injected  daily  for  the  same  period.  It  is  a  ques¬ 
tion  as  to  whether  such  large  doses  of  estradiol  are  required  to  sensitize 
the  pelvic  ligaments  so  they  will  respond  to  small  amounts  of  relaxin 
or  that  estrogen  facilitates  the  formation  of  relaxin  by  the  female  re¬ 
productive  tract.  Probably  estradiol  takes  part  in  both  of  these  proc¬ 
esses  but  this  and  the  quantitative  relationship  between  estrogen  and 
progesterone  require  further  study. 

These  observations  show  conclusively  that  relaxin  is  neither  an 
estrogen  nor  progesterone  but  a  substance  whose  chemical  and 
physiological  properties  are  entirely  different.  The  evidence  at  hand 
indicates  that  it  is  a  hormone  associated  with  luteal  function  and 
pregnancy.  It  is  present  in  the  blood  of  pseudopregnant  rabbits  in 
about  the  same  concentration  as  that  of  the  first  9  days  of  pregnancy 
which  is  about  one-fiftieth  of  that  during  the  last  week  of  pregnancy. 
It  has  been  obtained  from  the  blood  of  pregnant  animals  belonging 
to  several  species  of  mammals  including  the  human  being.  In  rabbits 
the  blood  becomes  negative  in  relaxin  content  a  few  days  after  par¬ 
turition,  and  probably  the  same  is  true  for  the  urine.  Preliminary 
studies  show  relaxin  to  be  present  also  in  the  urine  of  pregnant 
women. 

Progesterone,  also  a  hormone  of  pregnancy  secreted  by  the  corpus 
luteuip  and,  at  least  in  some  instances,  the  placenta,  is  probably  the 
principal  agent  responsible  for  stimulating  the  formation  of  relaxin. 
So  far  relaxin  has  been  found  normally  only  under  conditions  in  which 
it  is  known  or  can  logically  be  assumed  that  progesterone  also  is 
present.  The  fact  that  estradiol  also  can  elicit  formation  of  relaxin 
need  not  be  in  conflict  with  this  view  as  it  is  well  established  that 
among  the  steroid  hormones,  many  possess,  in  various  degrees,  com¬ 
mon  physiological  properties. 

Probably  the  most  important  result  of  this  investigation  is  the 
discovery  that  the  uterus  in  some  way  takes  part  in  the  formation  of 
relaxin.  This  apparently  is  a  normal  response  to  progesterone.  The 
fact  that  under  experimental  conditions  the  concentration  of  relaxin 
in  the  blood  of  castrated  female  rabbits  only  attained  that  found  in 
pseudopregnancy,  and  that  this  is  only  one-fiftieth  of  that  reached  in 
normal  pregnancy,  suggests  the  possible  importance  of  the  placenta 
in  the  production  of  relaxin.  However,  the  relative  importance  of  the 
different  parts  of  the  female  reproductive  tract  and' fetal  membranes 
in  the  formation  of  relaxin  is  at  present  unknown. 

SUMMARY 

This  investigation  deals  with  the  action  of  estrogen,  progesterone 
and  relaxin  in  experimental  relaxation  of  the  pelvic  ligaments  of 
guinea  pigs.  It  is  concluded  that  relaxin  acts  as  a  specific  hormone. 
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directly  responsible  for  this  reaction.  Relaxin  does  not  possess  either 
chemical  or  physiological  properties  in  common  with  estrogen  or  pro¬ 
gesterone  in  that  it  is  not  soluble  in  fat  solvents  nor  does  it  produce 
estrogenic  or  progestational  reactions  in  experimental  animals. 

The  observations  of  other  investigators  that,  under  suitable  condi¬ 
tions,  progesterone  will  bring  about  relaxation  of  the  pelvic  ligaments 
of  castrated  female  guinea  pigs  have  been  confirmed.  However,  a 
maximal  response  to  one  injection  of  progesterone  was  attained  72 
to  96  hours  after  the  hormone  was  administered,  while  under  similar 
conditions  relaxin  produced  a  maximal  effect  within  6  hours.  Also, 
progesterone  did  not  produce  relaxation  in  castrated,  hysterectomized 
guinea  pigs  while  the  absence  of  the  ovaries  and  uterus  had  no  effect 
on  the  response  to  relaxin.  This  suggests  that  relaxin  is  absent  in 
hysterectomized  animals  given  progesterone. 

Progesterone  also  brought  about  the  presence  of  relaxin  in  the 
blood  of  female  rabbits.  The  highest  concentration  found  in  experi¬ 
mental  animals  was  approximately  one  unit  of  relaxin  per  5  cc.  of 
blood  serum.  This  concentration  is  the  same  as  that  found  during 
pseudopregnancy  and  one-fiftieth  of  that  for  the  last  week  of  preg¬ 
nancy.  The  amount  of  relaxin  in  the  blood  was  not  correlated  with 
the  size  of  the  dose  of  progesterone  nor  necessarily  with  the  length  of 
treatment  as  0.5  mg.  daily  for  5  days  was  nearly  as  effective  as  5  mg. 
daily  for  9  days.  Relaxin  did  not  appear  in  the  blood  of  castrated  male 
and  castrated,  hysterectomized  female  rabbits  given  similar  treat¬ 
ment.  This  indicates  that  the  female  reproductive  tract  is  essential 
for  the  formation  of  relaxin  in  response  to  progesterone. 

The  time  intervening  between  an  injection  of  progesterone  and  the 
appearance  of  relaxin  in  the  blood  was  determined  On  castrated  female 
rabbits  that  had  been  pre treated  wdth  estrogen.  Following  the  injec¬ 
tion  of  10  mg.  of  progesterone,  5  cc.  doses  of  serum,  when  tested  for 
relaxin  on  guinea  pigs,  gave  negative  results  for  the  48th  hour  and 
the  pelvis  of  only  one  of  20  animals  relaxed  when  given  serum  taken 
at  the  end  of  96  hours.  When  the  dosage  of  progesterone  was  increased 
to  20  mg.  a  slightly  positive  result  was  obtained  for  the  36th  hour,  a 
good  response  for  the  48th  hour  and  blood  taken  on  the  96th  hour  was 
yet  definitely  active.  It  required  about  the  same  length  of  time  for  a 
dose  of  progesterone  to  bring  about  the  appearance  of  relaxin  in  the 
blood  of  rabbits  as  for  it  to  produce  relaxation  of  the  pelvic  ligaments 
of  guinea  pigs. 

Estradiol  stimulated  the  formation  of  relaxin  in  castrated  female 
rabbits  but  not  in  castrated,  hysterectomized  females  nor  castrated 
males.  Also,  the  effects  of  estrogens  on  the  pelvic  ligaments  of  castrate 
female  guinea  pigs  greatly  facilitated  the  action  of  relaxin.  Further¬ 
more,  estrogens  are  known  to  produce  morphological  changes  in  the 
pelvis  of  guinea  pigs  involving  resorption  of  cartilage  and  bone. 
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Therefore,  pelvic  relaxation,  when  induced  by  estrogens,  may  be  due 
partly  to  these  structural  modifications  in  addition  to  the  action  of 
relaxin. 

We  are  greatly  indebted  to  Dr.  G.  F.  Cartland  of  the  Upjohn  Co.  for  the  corpus 
luteum  residue  used  in  this  investigation  and  also  for  carrying  through  several  of  the 
first  steps  of  our  procedure  for  fractionation  on  two  large  lots  of  tissue. 

Grateful  acknowledgment  is  made  to  the  Sobering  Corp.,  Bloomfield,  N.J.  for  the 
estradiol  and  progesterone  used  in  these  experiments. 
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EFFECT  OF  HYSTERECTOMY  IN  THE  INFANTILE  RAT  ON  THE 
STATE  OF  THE  ADULT  OVARY^ 

This  report  deals  with  the  influence  of  the  uterus  on  the  function  of  the 
ovary  with  particular  reference  to  prepubertal  development  of  the  ovary. 
The  study  was  carried  out  by  the  examination  of  the  ovary  of  the  adult 
animal  from  which  the  uterus  was  removed  early  in  life,  well  before  the  onset 
of  pubertal  development.  The  procedure  consisted  of  surgical  removal  of 
uteri  of  infantile  rats  and  autopsy  of  the  animals  after  post-operative  periods 
varying  from  6  to  21  weeks. 

The  study  was  conducted  on  animals  bred  in  our  laboratory  from  a 
Sherman  strain  of  rats.  Housing  and  care  and  feeding  were  excellent.  Shortly 
after  birth  the  animals  were  sorted  for  sex,  and  litters  were  limited  to  a 
maximum  of  6  females.  The  animals  were  weaned  at  approximately  22  days 
of  age,  and  within  a  day  or  two  thereafter  the  uteri  were  removed. 

Nine  litters  comprising  33  female  rats  were  used.  Twenty-three  animals 
were  experimental  and  10  control.  The  uteri  were  removed  when  the  animals 
were  22  +  2  days  of  age.  The  Operation  was  performed  in  a  standardized 
method  under  light  ether  anaesthesia.  A  small  midline  incision  was  made  in 
the  abdominal  wall.  Each  uterine  horn  was  located  and  elevated  with  care 
to  avoid  freeing  the  ovary  from  its  attachment.  Upon  exposing  the  ovaries, 
the  utero-tubal  junctions  were  cut,  and  each  horn  was  dissected  carefully 
from  the  mesometrial  fat  to  minimize  rupture  of  the  blood  vessels.  In  the 
infantile  rat  the  vascular  bed  is  sparse,  and  with  careful  handling  the  uterus 
can  be  removed  with  little  or  no  bleeding.  The  horns  were  freed  to  the  cervix 
and  transected  just  below  the  utero-cervical  junction.  There  was  no  need  to 
tie  off  any  cut  ends.  The  wound  was  closed  in  two  layers.  Control  animals 
were  unoperated.  Animals  were  distributed  so  that  wherever  possible  there 
were  two  operated  animals  to  a  littermate  control. 

After  varying  periods  following  the  removal  of  the  uteri  the  animals  were 
killed,  and  the  ovaries  examined  and  fixed  in  Bouin’s  picroformalin  solution 
for  microscopic  study.  The  age  at  autopsy  ranged  from  8  to  24  weeks;  4 
animals  were  killed  at  8  weeks;  8  at  12  weeks;  9  at  16  weeks,  and  10  at  24 
weeks  of  age. 

The  ovaries  of  the  exp)erimental  animals  showed  a  uniform  picture.  The 
ovarian  capsules  contained  fluid.  The  ovaries  were  mulberry  type,  burgundy 
colored,  and  filled  with  corpora  lutea.  Grossly  they  were  swollen  and  ap¬ 
peared  larger  than  the  control  ovaries.  The  morphology  of  the  control  ovaries 
was  dependent  on  the  stage  of  the  estrous  cycle  at  autopsy.  There  was  no 
significant  weight  difference  betwen  the  normal  and  experimental  ovary. 

Received  for  publication  October  4,  1943. 
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Microscopic  examination  confirmed  the  picture  of  very  marked  luteinization 
of  the  ovary  in  the  experimental  animals.  There  was  also  depression  of  fol¬ 
licular  growth  and  no  mature  graafian  follicles  were  seen.  The  adult  ovary 
of  the  hysterectomized  infantile  rat  showed  marked  lutein  stimulation. 

Summary.  A  group  of  23  infantile  rats  was  hysterectomized  at  23  days  of 
age,  and  autopsied  at  post-operative  periods  varying  from  6  to  21  weeks.  The 
ovaries  were  examined  and  revealed  marked  luteinization  and  depressed 
follicular  development. 

M.  C.  Shelbsnyak* 
Herman  Schwarz 

From  the  Beth  Israel  Hospital 
New  York  City,  New  York 


EVIDENCE  IN  THE  NORMAL  ALBINO  RAT  THAT 
PROGESTERONE  FACILITATES  OVULATION 
AND  CORPUS-LUTEUM  FORMATION 

In  persistent-estrous  rats  it  was  demonstrated  (Everett,  1943)  that  single 
injections  of  progesterone  (0.5  to  2.0  mg.),  timed  to  coincide  with  proestrus, 
induced  ovulation  and  corpus-luteum  formation  in  a  large  proportion  of  the 
cases.  Similar  injections  made  late  in  diestrus  were  only  a  trifle  less  effective. 
The  observations  suggested  that  the  effect  was  brought  about  indirectly  by 
facilitation  of  release  of  luteinizing  hormone  from  the  hypophysis.  Boling, 
et  al.,  (1941),  meanwhile,  in  describing  the  growth  of  follicles  in  the  rat  ovary 
during  cycles  of  different  lengths,  had  observed  that  the  follicular  volume  at 
the  beginning  of  preovulatory  swelling  is  a  linear  function  of  the  length  of 
the  cycle.  In  4-day  cycles  ovulation  was  said  to  occur  from  smaller  follicles 
than  in  5-day  cycles.  This  was  interpreted  to  mean  that  in  5-day  cycles  the 
follicles  are  ready  for  the  ovulating  stimulus  a  full  day  before  it  arrives.  The 
evidence  from  persistent-estrous  rats  now  furnishes  a  possible  means  by 
which  such  a  stimulus  might  be  released  prematurely. 

Since  one  can  predict  with  reasonable  certainty  the  length  and  regularity 
of  cycles  in  most  of  the  rats  in  our  colony  once  they  have  been  observed  by 
vaginal  smears  for  a  month  or  so,  it  was  possible  to  pick  out  2  groups  of 
animals  (young  DA  stock,  Vanderbilt  strain  and  certain  hybrids),  one  group 
with  an  unblemished  history  of  4-day  cycles,  the  other  with  a  history  of  5-day 
cycles.  The  groups  were  further  assorted  as  control  and  experimental  animals. 
All  were  killed  about  midday  on  the  day  of  an  expected  proestrus  and  the 
ovaries  were  removed  for  histological  study.  The  experimental  animals  each 
received  a  single  injection  of  progesterone  (1.0  to  2.0  mg.)  in  sesame  oil  ap¬ 
proximately  24  hours  before.*  For  the  group  with  4-day  cycles  the  injection 
time  was  thus  on  the  2nd  day  of  diestrus;  for  those  with  the  5-day  cycles,  on 
the  3rd  day  of  diestrus.  Approximately  half  of  the  controls  received  0.4  cc. 
of  sesame  oil  instead  of  progesterone.  The  others  received  no  treatment. 

In  the  group  having  4-day  cycles  there  was  no  marked  difference  between 

*  Friedsam  Research  Fellow  in  Pediatrics,  at  present  on  active  duty  in  U.  S.  Naval 
Reserve. 

Received  for  publication  November  29,  1943. 

^  Crystalline  progesterone  was  most  generously  furnished  by  Doctor  .Erwin 
Schwenk  of  the  Sobering  Corporation,  Bloomfield,  New  Jersey. 
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6  experimental  and  4  control  animals.  In  all  cases  the  smear  was  proestrous 
at  the  expected  time  and  the  ovaries  were  similar  in  histological  details. 

In  the  group  having  5-day  cycles,  on  the  other  hand,  progesterone  had  a 
striking  effect  in  16  of  19  exj)erimental  animals.  On  the  day  after  treatment, 
when  the  smear  should  have  been  proestrous,  it  was  advanced  to  full  corni- 
fication  (stage  II)  in  all  but  one  of  the  16  cases.  The  ovaries  were  found  to 
contain  new  corpora  lutea  corresponding  to  those  which  Boling  described 
(1942)  12  hours  after  the  beginning  of  heat.  Tubal  ova  were  discovered  in 
most  instances.  The  19  animals  included  6  Vanderbilt  rats  (1  negative),  5 
DA  rats  (2  negative)  and  8  hybrids.  The  2  failures  among  the  DA  rats  may 
possibly  be  related  to  dosage  level,  for  both  received  2.0  mg.  of  progesterone. 
When  the  dose  was  changed  to  1.0  mg.  in  the  next  3  DA  animals,  ovulation 
time  was  accelerated  as  it  had  been  in  the  Vanderbilt  and  hybrid  strains  at  a 
2.0-mg.  level.  DA  rats  are  uniformly  smaller  than  the  others.  The  minimum 
effective  dose  has  not  been  determined,  although  2  hybrids  responded  as  well 
to  1.0  mg.  as  others  did  to  2.0  mg. 

The  5-day  control  group  comprised  14  animals,  of  which  5  were  Vander¬ 
bilts,  2  were  DA  rats  and  7  were  hybrids.  They  uniformly  exhibited  a  pro¬ 
estrous  smear  at  the  expected  time.  The  ovaries  contained  large  follicles  the 
granulosa  of  which  had  not  yet  begun  to  show  the  characteristic  preovulatory 
changes. 

Final  interpretation  of  these  observations  must  await  further  experiment. 
It  should  be  noted,  however,  that  the  acceleration  of  vaginal  changes  cannot 
readily  be  explained  as  a  direct  action  of  progesterone  on  the  vaginal  epi¬ 
thelium.  Jones  and  Astwood  (1942)  demonstrated  that  in  castrated  rats 
progesterone  neither  accelerates  nor  retards  the  onset  of  vaginal  cornification 
following  estrogen  treatment.  Yet  it  must  be  recalled  that  ovariectomy  in 
rats,  as  long  as  2  days  before  expected  full  estrus,  does  not  prevent  this  event 
from  occurring  (Hemmingsen,  1933,  and  references  cited  by  him)  at  the  nor¬ 
mal  time.  If  the  acceleration  of  cornification  produced  in  the  present  study 
should  prove  to  represent  a  surge  of  estrogen  secretion  (superimposed  upon 
a  slowly  rising  level  which  already  had  begun  its  action)  this  would  suggest 
in  turn  a  rapid  increase  of  secretion  of  luteinizing  hormone  very  soon  after 
progesterone  was  injected.  The  questions  raised  by  these  observations  are 
legion  and  must  await  elucidation  by  further  experimentation. 

John  W.  Everett 

From  the  Department  of  Analomy, 

Duke  University  School  of  Medicine, 

Durham,  North  Carolina 
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INHIBITION  OF  METAMORPHOSIS  IN  TADPOLES 
BY  THIOURACIL^ 

The  relationship  between  the  thyroid  gland  of  tadpoles  and  their  meta¬ 
morphosis  has  received  considerable  attention.  After  Gudernatsch’s  demon¬ 
stration  of  metamorphosis  induced  by  the  administration  of  thyroid  gland 
(1912),  Allen  (1917)  showed  that  thyroidectomized  tadpoles  would  not 
spontaneously  metamorphose.  Hoskins  and  Hoskins  (1920)  hastened  meta¬ 
morphosis  by  anterior  pituitary  injections.  In  view  of  the  fact  that  thiouracil 
has  been  shown  to  exert  an  inhibitory  effect  on  the  thyroid  gland  (Astwood, 
1943),  a  study  of  the  effect  of  this  drug  on  tadpole  metamorphosis  was  under¬ 
taken. 

Preliminary  exp>eriments  indicated  that  normal  metamorphosis  was  in¬ 
hibited  for  at  least  2  months  by  concentrations  of  1 : 8000  to  1 : 2000.  Thyroxin 


Table  1.  Effect  of  thiouracil  on  the  rate  of  metamorphosis  induced  by  the 

INJECTION  OF  1  MQ.  OF  A  THYROTROPIN  PREPARATION  EVERY  THREE  DAYS 


No. 

Tadpoles 

Concentration 

of 

Thiouracil 

Time  of 

Development  of 
Hind  Limb 

Av.  Range 

Time  of 
Emergence  of 
Fore  Limb 

Av.  Range 

days 

days 

4 

1:2000 

9 

7-11 

>42 

8 

1:2000 

>42 

>42 

13 

1 : 10,000 

18 

7-32 

29 

20-41 

4 

1:20,000 

13 

10-19 

16 

13-22 

6 

1:40,000 

13 

10-18 

14 

10-19 

6 

1:80,000 

11 

10-13 

14 

1^17 

5 

1:160,000 

12 

10-17 

13 

10-18 

12 

0 

9 

7-11 

12 

11-13 

in  concentrations  of  1:2,000,000  or  1:10,000,000  induced  fore-limb  emer¬ 
gence  in  7  to  14  days.  The  rate  of  metamorphosis  induced  by  thyroxin  was 
not  changed  by  the  presence  of  thiouracil  in  a  concentration  of  1:2000.  A 
measure  of  the  effectiveness  of  thiouracil  in  decreasing  concentrations  as  an 
inhibitor  of  the  anuran  thyroid  was  provided  by  experiments  on  tadpoles 
injected  with  thyrotropin. 

Groups  of  6  to  12  tadpoles  of  the  species  Rana  clamitans  were  kept  in 
glass  aquaria  containing  3  liters  of  water  in  which  thiouracil  was  dis¬ 
solved  to  the  desired  concentration.  Thyrotropin*  was  injected  intramuscu¬ 
larly.  The  solutions  in  the  aquaria  were  changed  every  3  days  and  injections 
of  thyrotropin  were  made  at  the  same  time.  The  food  consisted  of  boiled 
spinach. 

The  emergence  of  fore  limbs  was  used  as  a  criterion  of  metamorphosis 
(Allen,  1929).  An  inspection  of  table  1  shows  that,  according  to  this  criterion, 
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thiouracil  in  suitable  concentrations  inhibits  the  metamorphosis  of  R.  clami- 
tans.  While  the  control  animals,  receiving  thyrotropin  alone,  were  completely 
metamorphosed  in  13  to  19  days,  tadpoles  living  in  a  1:2000  solution  of 
thiouracil  did  not  metamorphose,  and  those  in  progressively  more  dilute 
solutions  showed  a  corresponding  inhibition  of  metamorphosis. 

.  Summary.  Thiouracil  in  a  concentration  of  1:2000  inhibited  the  meta¬ 
morphosis  of  R.  clamitans  ordinarily  induced  by  injections  of  thyrotropin. 
Since  the  action  of  thyroxin  in  inducing  metamorphosis  is  not  inhibited,  it  is 
believed  that  the  drug  prevents  the  production  of  thyroid  hormone. 

A.  M.  Hughes 
E.  B.  Astwood 

From  the  Departments  of  Pharmacology 
and  Medicine,  Harvard  Medical  School, 

Boston,  Ma^scu^husetts 
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Hermaphrodites:  The  Human  Intersex.  By  A.  P.  Cawadias,  O.B.E.,  M.D., 

F.R.C.P.  15  S.  Cloth.  IX  and  78  pp.  14  figures.  London.  Wm.  Heinemann 

(Medical  Books)  Ltd.  1943.  ix,  1-78  pp. 

This  little  book  treats  of  human  intersexes.  It  begins  with  a  rather 
lengthy  exposition  of  the  biological  principles  concerned  in  intersexuality  as 
revealed  by  recent  experimental  work  on  animals.  This  is  followed  by  de¬ 
scriptions  of  various  manifestations  of  intersexuality  in  man  and  their  clas¬ 
sification.  It  closes  with  a  brief  account  of  the  author’s  results  and  success  in 
the  treatment  of  human  intersexuality,  more  especially  its  milder  constitu¬ 
tional  and  psychological  forms. 

The  introductory  historical  and  biological  resume  of  the  subject  is  clearly 
and  interestingly  written.  The  main  part  of  the  book,  devoted  to  a  descrip¬ 
tive  classification  of  human  intersexes,  is  instructive,  but  adds  little  that 
can  be  regarded  as  new.  For  a  brief  book  it  is  accompanied  by  an  adequate 
bibliography,  although  one  cannot  refrain  from  wondering,  in  view  of  the 
authors  who  are  cited,  why  no  reference  is  made  to  the  important  work  of 
F.  A.  E.  Crew.  A  satisfactory  index  is  included. 

The  author  lists  sex  characters  as  gonadal,  genital,  morphological  or 
psychological.  And  similarly,  on  a  constitutional  basis,  he  speaks  of  gonadal, 
genital,  morphological  and  psychological  intersexed  types.  He  includes  all  of 
the  morphological  and  physiological  manifestations  of  the  accessory  repro¬ 
ductive  organs  under  “genital”  characteristics,  excepting  menstruation, 
which  he  calls  “gonadal”  since,  as  he  says,  it  depends  ultimately  on  the 
ovary.  Yet,  all  the  others  depend  likewise  in  the  same  sense  upon  the  ovary, 
so  that  the  exception  made  for  menstruation  seems  illogical.  The  author 
speaks  repeatedly  of  the  “sexoformic  impulse”  acting  together  with  the 
“biological  field”  and  the  “biological  environmentj”  and  organizing  an  ani¬ 
mal  as  a  male  or  female.  Terms  such  as  these  are  not  easily  definable  and 
hence  are  not  too  convincing.  Moreover,  on  etymological  grounds,  it  seems 
apparent  that  the  word  “sexoformic”  could  derive  from  nothing  else  than 
sexus  ajid  formica,  hence  signifying  “sex  of  or  pertaining  to  ants,’^V  meaning 
which  the  author  evidently  does  not  intend  to  convey. 

The  types  of  human  intersexed  individuals  are  described  and  illustrated 
by  examples  taken  from  the  literature.  There  are  fourteen  pictures  many  of 
which  are  familiar  from  previous  works  on  human  constitution  and  inter¬ 
sexuality.  Aside  from  certain  minor  preferences  concerning  classification, 
nothing  significantly  new  is  offered.  The  interesting  biological  observations 
-  on  lower  animals,  both  invertebrate  and  vertebrate,  do  not  apparently  af¬ 
ford  at  the  present  time  any  deeper  insight  into  the  problem  of  human  inter¬ 
sexuality.  And  this  hiatus,  although  not  specifically  appreciated  by  the  au¬ 
thor,  is  only  too  apparent  in  the  present  account. 
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As  regards  the  chapter  on  therapy,  it  is  disappointing  to  the  reviewer.  The 
author  outlines  very  brieflj'^  the  corrective  measures  used  in  severe  abnormali¬ 
ties  of  the  sexual  tract,  and  stresses  quite  rightly  that  in  these  cases  the  aim 
should  be  to  establish  the  pragmatic  and  not  the  genetic  sex.  In  regard  to 
constitutional  and  psychological  intersexes,  where  his  principal  interest  lies, 
he  recommends  a  combination  of  endocrine  therapy,  procedures  of  internal 
medicine,  and  that  intuitive  wisdom  of  a  psychological  character  which  an 
able  physician  possesses.  Regarding  endocrine  therapy  he  has  discovered 
that  it  can  be  no  more  than  empirical  as  applied  to  human  cases  of  inter¬ 
sexuality.  Yet  he  recommends  its  use  and  defends  himself  by  saying  that 
“Laboratory  workers  scoff  at  such  procedure  and  demand  a  rational  endo- 
crinotherapy,  but  their  own  rational  endocrinotherapy  is  founded  on  imper¬ 
fect  and  isolated  data  and  frequently  leads  to  disaster.”  Nevertheless,  since 
he  offers  no  clinical  histories,  the  reader  is  left  with  little  more  exact  informa¬ 
tion  than  Dr.  Cawadias’  assertion  that  the  empirical  administration  of  hor¬ 
mones  benefits  some  of  these  cases.  To  the  reviewer  neither  “rational”  nor 
“empirical”  endocrine  therapy  seems  very  promising  in  our  present  total 
stage  of  ignorance  of  the  endocrine  imbalances  which  may  underlie  or  be 
associated  with  these  disorders  in  human  beings.  Certainly  the  administra¬ 
tion  of  gonadotropins,  as  recommended  in  the  text,  seems  open  to  question 
on  the  ground  that  their  prolonged  use  may  be  harmful  to  the  gonads.  Uri¬ 
nary  assays  for  the  differential  excretion  of  the  various  categories  of  steroid 
hormones  may  be  eventually  so  perfected  as  to  become  a  valuable  clinical 
guide.  But  lacking  adequate  biochemical  tests,  we  have  at  present  no  means 
of  telling  whether  any  observed  “clinical  improvement”  is  due  to  nature 
taking  its  course,  to  the  endocrine  therapy,  or  to  suggestion  and  other  psy¬ 
chological  elements  of  the  treatment. 

As  regards  psychotherapy,  the  author  states  that  “much  can  be  done  for 
intersexes  by  an  internist  with  knowledge  of  the  human  soul  and  power  to 
influence  it  towards  solution  of  its  conflicts,  towards  better  adaptation  to 
environment.”  He  states  that  “the  method  to  be  followed  cannot,  of  course, 
be  described.  It  depends  principally  on  the  psychological  intuition  and  pow¬ 
ers  of  leadership  of  the  physician,  qualities  which  although  innate  can  be  de¬ 
veloped  greatly  with  wide  humanistic  classical  culture,  the  mainstay  of  the 
practice  of  all  great  clinicians  throughout  the  ages.” 

The  author  presents  no  evidence  of  being  familiar  with  the  modern 
psychological,  psychoanalytical  and  psychiatric  studies  of  bisexuality.  The 
bibliography  does  not  list  the  pertinent  literature  on  these  subjects,  and, 
insofar  as  he  mentions  these  topics,  he  dismisses  them  summarily  or  with 
inconsequential  remarks.  One  cannot  deny  the  usefulness  of,  or  fail  to  admire, 
those  “powers  and  qualities”  which  a  great  clinician  possesses,  yet  in  ap¬ 
proaching  bisexuality  the  internist  will  surely  appreciate  that  those  powers 
can  be  implemented  and  more  intelligently  directed  by  the  use  of  physiologi¬ 
cal  and  psychological  data  and  methods  derived  from  the  scientific  study  of 
psychosomatic  relationships.  This  type  of  therapeutic  analysis  should  cer¬ 
tainly  supplement  the  purely  artistic  and  metaphysical  approach  which  Dr. 
Cawadias  adopts  and  which  he  admits  cannot  be  described. 

G.  B.  WiSLOCKI 
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ASSOCIATION  NOTICE 


The  Association  for  the  Study  of  Internal  Secretions  will 
hold  its  Annual  Scientific  Assembly  at  nine  o’clock  in  the  morning  of 
June  12,  1944  in  Chicago. 

Our  Headquarters  will  be  the  Stevens  Hotel  for  June  11th,  12th 
and  13th,  and  arrangements  have  been  made  so  that  members  may 
procure  reservations  for  June  11th,  12th  and  13th  immediately  upon 
request. 

Members  or  others  (introduced  by  members)  desiring  to  present 
papers,  should  send  four  copies  of  an  abstract  of  the  work  you  desire 
to  present  to:  Dr.  E.  Kost  Shelton,  921  Westwood  Blvd.,  Los  Angeles 
24,  California,  before  April  1,  1944. 


